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FLATS 1.—Fig*. 1 and 2.—(x3). Nummuliteelstaminevs, sp. nov. Kalu Kushtak 

Nala, 5 miles N. W. of Dera Bugti, Bugti Hills, Balu¬ 
chistan, Holotype, fig. 2 2 miles S. W. of Godhathod 

(Gotathad), Cutch. 

Fig. 3. — (x5). N. damineus, sp. nov. Equatorial section ; 1 mile 8. 
of Waghapadar (Waggerpudder), Cutch. 

KgB* 4 and 6.—(x5). N . beaumonti, D’Arch. W. of Dawagar, L'na 
Ghari Khan foothills, S. W. Punjab. Fig. 5 : — Fqiato- 
rial section. 

„ 6 and 7.— (X6) N. latvigatus, (Brug.). Rohri, Sind. Fig. 6 :— 

Equatorial section. Fig. 7 :—Lateral section. 

PLATE t,—Figs. l f 2 and 3.—(X 3). NummuliUs arutvs , Sow. Figs. 1 and 2:—2 

miles 8. W. of Godhathad (Gotathad), Cutch. Fig. 
3:—Sowerby’s original type from Lakhpat (Lukput), 
Cutch. 


Fig. 4.— (x5). N. acutus, Sow. Lateral section; same locality as 
fig. 1. 

Figs. 5, 0, 7 and 8.—(x5). N. scabru*, Lam. Fig. 5 Axial section ; 

Rohri, Sind. Fig. 6 Lateral section ; W. of lali 
village, Sind. Fig. 7:—Lateral section ; Bohii, 
Sind. Fig. 8 :—Equatorial section ; Rohii, Sind. 

Fig. 9.—(x5). N . perforatus, (deMont.). N. E. of Pabuni Chauki, 
Las Bela State, Baluchistan. 


10.—(X 2). N . obtusus. Sow. Mardan Nala, Mula Rivei, Kalat 
State, Baluchistan. 


PLATE 3*—Figs. 1 and 2.—(x5). Nummulites obtvsvs , Sow. Lateral ?f<t>orp. 

Fig. 1^—Sham plain, Bugti Hills, Baluchistan, h g. 
2:—Kalu Kushtak Nala, 5 miles N. W. of llera 
Bugti, Bugti Hills, Baluchistan. 

Fig. 3.—(X2). N. gixehensis , (Forks.). Rohri, Sind, 

Figs. 4 and 5.—(X5). N. carter* , D’Arch. and Haime. Sukkur, Sind. 

Fig. 4 :—Lateral section. Fig. 5 :—Equatorial section. 
„ 6 and 7.—(X5). N. gizeheneis, (Fork*). Rohri, Sind. Fig. 6 

Lateral seotion. Fig. 7 :—Equatorial surface. 

PLATE 4.—Fig. 1.—(X2). N. carter t, D’Arch. and Haime. Sukkur, Sind. 

„ 2.—(X5). N . macxdaius , sp. nov. Equatorial surface ; 1 mile 

N, E. of Ber Nani, Cutch. 

„ 3.—(X2). Da Holotype. Same locality as 

fig. 2. 


it 


Da Lateral lection. Same locality. 


4.-(x5), 
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PLATE 4.—Kg. 5 .—(x 10). N. maculates, sp. nov. Axial section. Same locality. 

„ 6.—(x25). Da Part of lateral section of fig. 4 mag¬ 

nified. 

PLATE 5. —Fig. 1.—(x2). Assilina canceUata, sp. nov. Rohri, Sind. Holotype. 

»» 2.—(xfi). Do. Equatorial section ; same locality. 

„ 3.—(xfi). Do. Lateral section; same locality. 

„ 4.—(x5). A, subcanceUaia , sp. nov. Equatorial section ; same 

looality. 

Eigs.fi and 6.—(x3). A exponent, (Sow.). Fig.—5:—3 miles S. E. of 
Sehe, Cutch. Kg. 6 :—W. of Pabuni Chauki, Las Beln 
State, Baluohistan. 

PLATE A —Kg. 1 .— (xfi). Assilina exponent, (Sow.). 1 mile S. of Waghapadai 

(Waggerpudder), Cutch. Equatorial section. 

Figs. 2 and 3.—( x 3). A tubpapillaia , sp. nov. Fig. 2 :—Holotype. 

Kubba Shadi Shahid, S. E. of Khairpur, Sind. Fig. 
3 .—S. E. of Damach, Thana Bula Khan taluqa , 
Karachi district, Sind. 

Fig. 4.—( x 2). A. mamiUata , (D’Arch.) ; 3 miles S. E. of Sehe. Cutch. 

„ 5.—(X3). A papillata, sp. nov. Holotype; same locality as 

fig. 3. 


6.—(xfi). 

Da 

Equatorial Section. Kot 



Deji, Sind. 

7.—(x3). 

Da 

‘ Same locality as fig. 2. 


Figs. 8 and 9.—(x2). A. tpira, de Roissy. Rohri, Sind. 

PLATE Figs. 1 and2.— (xfi). Discocydina ditpansa,( Sow.), Fig. 1 :—Neotvpo. 
4 1 mile S. of Waghapadar (Waggerpudder), Cutch. 

Fig. 3. —(x7*5). D. ditpansa, (Sow.). Lateral Section ; same locality 
as fig. 1. 

„ 4. —(x7*5). D. javana, (Verbeek.) var. indica, nov. Lateral 

section ; same looality as fig. 1. 

„ fi,—(x7*5). D. ditpansa, (Sow.), Anal section; same locality 

as fig. 2. 

, 0.—(Xfi). D. javana, (Verbeek.) var. indica, nov. ; same locality 

as fig. 1. J _ 

M 7.—(X 7*5). Da Axial seotion; same looality as fig. 1. 

„ 8.—(xfi). D. undulata, gp. nov. Holotype. E. of Garmaf, 

Dera Ghasi Khan district, S. W. Punjab. 
„ 9.—(x20). Da Lateral section ; same locality as fig. 8. 

PLATE —Fig. 1.— (xlO). Discocydina, sowerbi, nom. nov. Axial section; 

2 mjles S. W. of Godhathad (Gotathad), 
Cutch. 

„ 2.—(XlO). Da View of portion of the exterior. 

„ 3.—(xlO). Da Lateral section. 

„ 4. —( x20), D, javana (Verbeek.) var. indica, nov. Equatorial 

section. Same locality as PL VII, fig. 1 
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PLATS A—PJg. 5.—(x7*5). D. undulata, sp. nov. Axial section ; same loca- 

litiy as PL VII, fig. 8. 

„ 6.—(x 11). Actinocylina alticostata , gp. nov. Equatorial 

I gection ; W. of Lakhimirani, Cutch. 

Pigs. 7 and 8.—(x5). A alticostata , gp. nov. Fig. 8:—Holotype. 
Same locality aa fig. 6. , 

PLATE A— -Sketch Map of the Pench Valley Coal-field, showing location of sample* 

taken in 1923-24. 

PLATE IA— Diagram illustrating the composition of 17 Indian Carnets. 

PLATE II.—A raised coral beach of the south end of Henry Lawrence Island, 
Ritchie’s Archipelago. 

PLATE It,—Geological Map of Middle Andaman Island. Scale 1 inch to 4 miles. 

PLATE II. —Sandstone cliffs, west side of Little Andaman Island. 

PLATE 14.— Fig. 1.—Ashy sandstone from the north of Middle Andaman Island. 

„ 2.—Vesicular volcanic rock from Mt. Wood. 

„ 3.—BasAlt from the south of Middle Andaman Island. 

M 4.—Photograph of Assilina granulosa , magnified about 8 dia¬ 
meters. 

PLATE 15.—Fig. 1.—Photomicrograph of section of late Tertiary limestone, 

showing Litholhamnion fragments including con- 
ceptacles of the L. nummvliticum type. 

„ 2.—Photomicrograph of section of late Tertiary limestone, show¬ 

ing Liihothamnion thallus including conceptacles of the 
L. suganum type. 

„ 3.—Photomicrograph of section of late Tertiary limestone, shov¬ 

ing sections of Lepidocydinae. 

„ 4.—Photomicrograph of section of late Tertiary limestone, 

showing Lepidocydinae , Lithoihamnicn and Nuw- 
muliles in section. 

PLATE IA— No. 1, G. S, I. Reg. No. 397 .—Cmuliies kohaticus . External view of 

unweathered test; convex surface. ( x6). 

„ 2, „ 399.—-The same specimen; concave surface. (x6). 

„ 3, „ 390.—External view of the upper surface of a weathered 

1 test, showing rows of cortical chambers. Note the 

right-handed twist of the spire. (x6). 

„ 4, „ 398.—Another specimen, with central boss removed, 

showing primary whorls. Note the left-handed twist 
of the spire. (x6). 

4(tf).—Sketch of primary whorls in above, showing 2 intercalary 
rows of chambers. 

PLATE I7«— „ 5.—Axial section of another specimen, showing cortical and 

umbilical chambers, with pillar? traversing the latter, 
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PLATS IT.—No. 5(a), G. S. I. Reg. No. 1202.—As in 5, but further enlarged. 

Note struoture of the central boss, formed by 
thiokened supra-oortioal skin with traversing 
pillars. (X 12). 

„ 6(5), „ 1254.—Another specimen, much enlarged to show 

shape and simple character of cortical chambers. 
Note the conical pillars descending to form granu¬ 
lations on the lower surface. (x 30). 

„ 5(c), „ 392.—Horizontal section of a test. ( x 24). 

„ 6.— Conulit€8 kohaticus, var. epintangiensis. Axial section 

(X0). 

„ 7.— Conulites vredenburgi, Axial section. (X0). 

„ 7(a), G. S. X. Reg. No. 395.—The same, further enlarged. ( X13). 

„ 7(b), ,, 396.—The same, again enlarged. Note the perfo¬ 

rations of the cortical chamber wallB. ( X 30). 

PLATE 10,— „ 8, ,, 516 .—Conulites tipperi. Axial section. (X20). 

„ 9, „ 3412.—Carter’s diagram of Conulites cooki, as re¬ 

produced by Carpenter under the generic name 
“ Patellina .” For comparison vith the specimens 
of Conuliies figured above. 

„ 10, „ 3414.—Carter’s diagram of Orbitolina lenticularis > 

reproduced by Carpenter undei the generio name 
“ Patellina For comparison with Conulites . 
Note the subdivisions of the cortical chambers, and 
absence of pillars traversing the secondary cham¬ 
bers. 

PLATE „ 11, „ 3413.—Williamson’s diagrams of Patellina corru- 

gata. This being the form for which the genus 
Patellina was created, our ideas as to that genus 
must be based upon its characters. So note the 
apparent absence of all supracortical development 
of skin or granules ; the irregular subdivisions of 
the cortical chambers, and their arrangement in 
semilunar strips; the oonfused filling of the 
umbilical cavity, and the total absenoe of all 
pillars traversing the same. 

PLATE t4- „ 12, „ 1264.—Carpenter’s diagrams of recent Australian 

forms also classed by him as Patellinae , although 
they again seem to represent a distinct genus. 
Whatever the affinities of this type may be, the 
cyclioal arrangement of its cortical ohambers, their 
great depth, and the massed granules in the 
centre of the base of the test, form a combination 
of characters which forbid generic identification 
Tyith any other type here discussed. 
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Vii 

HAtl It.—No. 13.—An Orbiioiine form (Dictyoconus ; megakopheric generation) 

associated with ( 7 . vredtnburgi near Hindu Bagh. 

(X6). 

„ 13(a), G. S. L Reg. No. 394.—The same, further enlarged, for 
comparison with the ComdiUs type. Note the 
sub-division of the cortical chambers, absence of 
supra^cortical skin, etc., and absence of all pillars 
through the umbilical region. (x 30). 

„ 13(6), „ 1267.—Cross section of the same species, for com¬ 

parison with 6(c). Note the sub-divisions of the 
cortical chambers, and their cyclical instead of 
spiral disposition as shown by the appearance of 
only one whorl in this section. ( x 30). 

PLATE tl. —Fig. 1.—Western end of Quartzite Ridge in the gorge south of 

Undhania. 

„ 2.—General view of the Pani Mine from the north-west. 

PLATE —Fig. 1.—Folding of Manganese Reef at the eastern end of the Pani 

Mine. 

„ 2.—Folding of Manganese Reef near the eastern end of the 
Pani Mine. 

PLATE IX—Fig. 1.—Photomicrograph of granite-dolerite hybrid rock showing 

aggregates of secondary felspar needles in the S. 
W. quadrant and secondary felspar fringes round 
original crystals in the centre and N. E. quadrant. 

„ 2.—Same as Figure 1, but with nicols crossed showing secondary 
felspar fringes in optical continuity with original 
felspar. 

„ 3.—Sketch section of the manganese reef at the eastern end of the 
Pani Mine. 

PLATE 14. —Geological Map of Chhota Udepur State ; scale 1 inch *=1 mile. 

PLATE tX—Fig. 1 .—Cmoclyptus pilgrimi (G. S. 1. Reg. No. 3422).—Longitudinal 

profile of the test, seen from the right. Half size. 

„ 2.—(G. S. 1. Reg. No. 3421).—The same, seen from the left. 
Half size. 

„ 3.—(G. S. 1. Reg. No. 3420).—The same, seen from the rear. 

, Half size. 

„ 4.—(G. S. I. Reg. No. 3417).—Abactinal view of the same speci¬ 
men. Half size. 

,, 6.—(G. S. 1. Reg. 3419).—Aotinal view of another specimen. 
Half size. 

„ 6.—(G. S. I. Reg. No. 1262).—Aotinal view of a young specimen. 
Half size. 

PLATE H.—Fig. 1.—(G. B. I. Reg. No. 3418).—Abactinal view of another speci¬ 
men to show shape of apical disc. Magnified f 



LIST OF PLATE*. 


PLATS *•«—Pig. 2.—(G. S. I. Reg. No. 1253).—Abaotinal view of another speoi- 

men to show imperforate rims routed genital pores, 

Nat. size. 

„ 3.—(G. S. 1. Reg. 3426). —Conoclypeua wartki. Longitudinal pro¬ 
file of the test, seen from the right. Half size. 

„ 4.—(G. S. I. Reg. No. 3426).—The same, seen from the rear 
Half size. 

„ 5.—(G. S. 1. Reg. No. 3424).—Abaotinal view of the same. Half 
size. f 

„ 6.—(G. S. L Reg. No. 3423).—Actinal view of the Bame. Half 
size. 

PLATE *T.—Map showing the Occurrence of Low-Phosphorus Coal in the Giridih- 

Coal-Field. 
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Director, Geological Survey of India. 


DISPOSITION LIST. 

D URING the period under report the officers of the Department 
were employed as follows :— 


Superintendents. 

Dr. L. L. FeRmor . Returned from the held on the 3rd March 

192f\ Officiated as Director from 10th 
March to the 4th November 1925. Placed 
in charge of the Central Piovinces and 
Cential India Party and left for the held 
on the 19th November 1925. 

Dr. G. E. Pilgrim . Remained at headquarters and acted as 

Palaeontologist up to the 13th March 
1925. Placed in charge of the Punjab 
Party and left for the held on the 13th 
March. Returned from the held on 
the 16th June. Granted combined leave 
for one year and four months with effect 
from the 13th July 1925. 

b 
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Mr. G. H. Tipper . Continued in charge of office throughout the 

year and also acted aa Palaeontologist 
with effect from the 14th March 1925. 

Dr. G. de P. Cotter . Returned from leave on the 14th December 

1925. Placed in charge of the North- 
West India Party. 

Dr. J. Coggin Brown Returned from leave on the 17th October 

1925. Placed in charge of the Burma 
Paity and left for Burma on the 8th 
November 1925. 

Mr. H. Cecil Jones . Returned from the field on the 14th April 

1925. Granted leave on average pay for 
mx months and seven days with effect 
from the 8th May. Returned from leave 
on the Kith November. Placed in charge 
of the Bihar and Orissa Party and left 
for the field on the 28th November 1925. 

Assistant Superintendents. 

Mr. H. Walker . . On combined leave. 

Mr. K. A. K. Hallowes On combined leave. 

Dr. A. M. Heron . Returned to headquarters from the field on 

the 7th May 1925. Placed in charge of 
the Rajputana Party and left for the field 
on the 9th November 1925. 

Dr. C. S. Fox . . Returned from the field on the 11th May 

1925. Granted leave on average pay for 
four months and thirteen days with effect 
from the 9th June. Returned from leave 
and permitted to resume duty at Singa- 
reni on the 31st October. Inspected the 
Singareni coalfield and returned to head¬ 
quarters on the 4th November. Placed in 
charge of the Coal-fields Party, and left 
for the field on the 11th November 1925. 
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Rao Bahadur S. Sethu Returned to headquarters from field-work 
Rama Rau. in Burma on the 26th June 1925. At¬ 

tached to the Coal-fields Party in connec¬ 
tion with the re-examination of the Rani- 
ganj coalfield. Left for the field on the 
13th November 1925. 

Rao Bahadur M. Vina- Returned to headquarters from field-work in 
yak Rao. the Madras Presidency on the 12th April 

1925. Deputed to investigate the alleged 
occurrence of coal at Kamasatliudram in 
Mysore State. Left for the field on the 
27th May and returned to headquarters 
on the 24th July. Detailed for the in¬ 
vestigation of the manganese and kaolin 
deposits in the Kanara district of the 
Bombay Presidency and for the continu¬ 
ance of the geological survey of the dis¬ 
tricts of Salem and North Arcot in the 
Madras Presidency. Left for the field on 
the 2nd November 1925. 

Mr. H. Crookshank . Returned to headquarters from the field on 

the wdi May 1925. Attached to the 
Central Provinces and Central India Party 
to continue the geological survey of the 
Chhindwara district. Left for the field on 
the 22nd October 1925. 

Mr. E. L. G. Clegg . Placed in charge of the Burma Party till 

the arrival of Dr. J. Coggin Brown on 
the 11th November 1925, and thereafter 
attached to that Party. 

Mr. D. N. Wadia . Attached to the North-West India Party. 

Left for the field on the 6th October 
1925. 

Mr. G. V. Hobson . At headquarters as Curator of the Geological 

Museum and Laboratory. 

b 2 
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Ca£t. F. W. Walker . Attached to the Burma Party. Killed on the 

20th March 1925. 


Mr. J. A. Dunn . . Returned to headquarters from his field¬ 

work in Bihar and Orissa on the 11th 
May 1925. Deputed to examine the 
Khewra salt-mine hill in the Punjab with 
a view to preparing a geological map of 
the area and thereafter to investigate 
the occurrence of aluminous refractory 
materials in Assam, Bihar and Orissa and 
Central India. Left for the field on the 
18th October 1925. 

Mr. A. L. Coulson * Returned from the field on the 15th June 

1925. Attached to the Rajputana Party 
to continue the geological survey of the 
Sirohi State. Left for the field on the 
27th October 1925. 


Mr. E. J. Bradshaw . Returned from field-work in Rajputana on 

the 13th May 1925. Left headquarters 
on the 17th July to inspect a fossil tree 
at Asansol and returned on the following 
day. Deputed to examine building sites 
at Bakloh Cantonment and also to report 
on the deep tube-well boring at Ambala 
Cantonment. Thereafter attached to the 
Rajputana Party to continue the geolo¬ 
gical survey of the Mewar State.’ Left 
for the field on the 3rd November 1925. 

Mr. C. T. Barber . Returned to headquarters from field-work 

in Burma on the 25th June 1925. At¬ 
tached to the Burma Party and left for 
the field on the 8th September 1925. 
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Mu. E. R. Gee . . Deputed to inspect the landslips of the 

Kalimpong Division, Bengal. Left for the 
field on the 9th May and returned to head¬ 
quarters on the Bth July 1925. Attached 
to the Coal fields Party. Left for the 
field on the 9th November 1925. 

Mr. W. D. West . Returned from the field on the 1st July 

1925. Attached to the Central Provinces 
and Central India Party. Left for the 
field on the 16th November 1925. 

Mr. A. K. Banerji . Returned from the field on the 9th May 

1925. Attached to the Coal-fiedls Party. 
Left for the field on the 7th November 
1925. 

Dr. M. S. Krishnan . Returned from the field on the 7th May 

1925. Attached to the Bihar and Orissa 
Party; left for the field on the 2nd 
November 1925. 

Mr. P. Leicester . Appointed Assistant Superintendent, Geolo¬ 
gical Survey of India ; joined the Depart¬ 
ment on the 5th December 1925. Attach¬ 
ed to the Burma Party. Left for the field 
on the 15th December 1925. 

Dr, S. K. Chatterjee Appointed Assistant Superintendent, Geolo¬ 
gical Survey of India ; joined the Depart¬ 
ment on the 3rd December 1925. At¬ 
tached to the Rajputana Party. Left for 
the field on the 21st December. 


Chemist. 

Dr. W. A* Cewstie At headquarters, 
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Artist. 

Mr. K. F. Watkinson • At headquarters. 


Sub-Assistants. 

Mr. B. B. Gupta . Returned to headquarters- for recess from 

field-work in Burma on the 4th September 
1925. Attached to the Burma Party and 
left for the field on the 9th November 
1925. 

Mr. D. S. Bhatta- Returned to headquarters from field-work 
CHARJI. in the Central Provinces on the 26th April 

1925. Granted leave on average pay from 
the 12th August to the 5th September 
4925. Attached to the Central Provinces 
and Central India Party. Left for the 
field on the 18th November 1925. 

Mr. B. C. Gupta . Returned to headquarters from field-work 

in Rajputana on the 3rd May 1925. At¬ 
tached to the Rajputana Party and left 
for the field on the 9th November 
1925. 

Mr. H. M. Lahiri . Attached to the North-West India Party 

and left for the field on the 18th Novem¬ 
ber 1925. 

Returned to headquarters from field-work 
in Bihar and Orissa on the 23rd April 
1925. Attached to the Bihar and Orissa 
Party and left for the field on the 4th 
November 1925. 

Mb. P. N. Mukerjee. At headquarters. 


Mr. L. A. Narayana 
Iyer. 
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Mr. P. C. Roy . . At headquarters. 

’ The cadre of the Department continued to be 6 Superintendents; 
22 Assistant Superintendents and one Chemist. Of the four vacancies 
in the grade of Assistant Superintendent including the one caused by 
the death of Captain F. W. Walker two were filled during the year, 
leaving at the end of the year two vacancies. 

ADMINISTRATIVE CHANGES. 

Dr. L. L. Fermor was appointed to officiate as Director from 

Promotions and ^ arc ^ 1925, vice Di. E. H. Pascoe, 

appointments. Director, on leave, and reverted to his substantive 

appointment on the 5th November 1925, on the return of the latter. 

Dr. A. M. Heron continued to officiate as Superintendent up 
to the 13th December 1925, vice Dr. G. de P. Cotter on leave ; he 
was again appointed to officiate as Superintendent from the 14th Decem¬ 
ber 1925, vice Dr. G. E. Pilgrim on leave. 

Dr. C. S. Fox was appointed to officiate as Superintendent up 
to the 16th October 1925, vice Dr. J. Coggin Brown on leave and 
from the 17th October to the 13th December 1925, vice Dr. G. E. 
Pilgrim on leave. 

Mr. E.' L. G. Clegg was appointed to officiate as Superinten¬ 
dent up to the 4th November 1925, vice l)r. L. L. Fermor officiat¬ 
ing as Director, and from the 5th to the 10th November 1925, 
vice Mr. H. C. Jones on leave. 

Mr. G. V. Hobson continued to act as Curator, Geological 
Museum and Laboratory. 

Dr. G. E. Pilgrim acted as Palaeontologist till the 13th March 
1925 when he was relieved by Mr. G. H. Tipper. 

Messrs. E. J. Bradshaw, E. R. Gee and W. D. West have been 
confirmed in their appointments as Assistant Superintendents. 

The following officers joined the Department during the ye&r :— 

Mr. P. Leicester, B.A. (Oxon.); appointed Assistant Superin¬ 
tendent with effect from the 5th December 1925. 

Dr. S. K. Chatterjee, M.Sc. (Cal,), Ph.D., D.I.C. (Lond.); 
appointed Assistant Superintendent with effect from the 
3rd Deoember 1925. 
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^ Dr. E. H. Pascoe was granted leave on aver¬ 

age pay for eight months with effect from the 
10th March 1925. 

Dr. G. E. Pilgrim was granted combined leave for one year and 
four months with effect from the 13th July 1925. 

Mr. H. C. Jones was granted leave on average pay for six months 
and seven days with effect from the 8th May 1925. 

Dr. C. S. Fox was granted leave on average pay for four months 
and thirteen days with effect from the 19th June 1926. 

Mr. D. Bhattacharji was granted leave on average pay for twenty- 
five days with effect from the 12th August 1925. 

LECTURESHIP. 

Mr. D. N. Wadia continued as Lecturer on Geology at the Pre¬ 
sidency College, Calcutta, till the 22nd June 1925 when he was 
relieved by Mr. G. V. Hobson. 


POPULAR LECTURES. 

Popular lectures were delivered in the Indian Museum during the 
year, the subjects selected being as follows:— 

(1) “ Soda in India ” by Dr. W. A. K. Christie. 

(2) “ Roads and Road Metals ” by Mr. A. L. Coulson. 

(3) “ Indian Plateau Basalts ” by Mr. H. Crookshank. 

(4) “ The Origin of the Continents ” by Dr. A. M. Heron. 

(5) “ The Formation of Mountain Ranges ’* by Dr. A. M. Heron. 

LIBRARY. 

The additions to the library amounted to 4,577 volumes of which 
1,140 were acquired by purchase and 3,437 by presentation and 
exchange. 

PUBLICATIONS. 

The following publications were issued during the year under 
report:— 

Records, Vol. LVI, part 3, 

Records, VoL LVII, 
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Records, Vol. LVIII, parts 1, 2 and 3, 

Memoirs, Vol. XXI, part 3 (reprinted), 

Memoirs, Vol. XLVIII, part 2, 

Memoirs, Vol. \ , part 1, 

Palaeontologia Indica, New Series, Vol. VI, Memoir No. 4, 
Palaeontologia Indica, New Series, Vol. VIII, Memoirs Nos. 2 
and 3. 


MUSEUM AND LABORATORY. 


Chemist. 


Mr. G. V. Hobson was Curator of the Geological Museum and 
Laboratory throughout the year under report. Babu Purna Chandra 
Roy retained the Assistant Curatorship and 
Babus Austin Manindranath Ghosh and Dasa- 
rathi Gupta fulfilled the duties of Museum 
Assistants during the period under review. 

Dr. W. A. K. Christie, Chemist, remained at headquarters through¬ 
out the year and was chiefly engaged in the routine work of the la¬ 
boratories. He published a paper on zeolites from 
Bombay, another on the chemical denudation of 
the Indus and a third on an occurrence of ammonium fluosilicate 
(cryptohalite) are under preparation. 

The number of specimens referred to the Curator for examina¬ 
tion and report was 789. Assays an ! analyses were made of 

^ „ .70 specimens. The corresponding figures for 

Determinative work 1 , OK r . f 

and analyses. 1924 were 574 and 35, respectively. The sp ci- 

mens analysed were largely coals, whose 

calorific value was determined by the Bomb Calorimeter, but included 

manganese ores, bauxite, graphite, celadonite, chloropheeite, galena, 

lead slags, auriferous jamesonite, gypsum and marbles. 

^ _ _ During the year under review presentations 

Donations to Muse- * r • i • A 

urns, etc. of geological specimens were made to the 

following :— 

(1) The Bengal Technical Institute, Dhakuria, 21-Parganas. 

(2) Mr. H. J. Winch, Manager Shivrajpur Syndicate Ld., Panch 

Mahals, Bombay. 

(3) Church Missionary School, Srinagar, Kashmir 

(4) The Museum, Jaipur, Rajputana. 

(5) Central College, Bangalore. 

(6) Uttarpara College, Bengal. 
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(7) Zurich University; Switzerland. 

(8) Oriental Seminary, Calcutta. 

(9) Muslim University, Aligarh. 

(10) Direccion Estudios Biologicas ; Mexico. 


In addition to the above general presentations the following 
specific donations were made :— 

(1) Specimens of bauxite to Mr. T. V. Madhava Rao, Imperial 

College of Science and Technology, London. 

(2) Pitchblende, monazite, cyrtolite and samarskite to the Geo¬ 

physical Laboratory, Washington, U.S.A. 

(3) Specimen of lazulite-clinozoisite-quartzite with flmenite and 

rutile to Professor Tilley, Sedgewick Museum, Cambridge. 

(4) Specimen of gyrolite to the Australian Museum, Sydney. 


The collections received back from the British Empire Exhibition 

Additions to the a ^ en( ^ ^ ave been returned to 

General Collections. the Geological Survey galleries during the year. 

In addition to the large number of rock and mineral specimens 

collected by members of the Department, the 
Specimens received. . • . , . , , , 

following have been received and included m 

the collections during the year:— 


(1) Briquette of Indian lignite. Presented by Commander 

Hcneage. 

(2) Malacon, ilmenorutile, betafite, ampangabeile with columbite, 

samarskite, euxenite, thortveitite tscheffkinite and bastnse- 
site; all from Madagascar. Presented by the Museum 
National (VHistoire naturelle, Paris. 

(3) Cinnabar, galena, sftibnite, copper ore and native silver ; 

from Mexico. By exchange with the Direccion Estudios 
Biologicas, Mexico. 

(4) A large and interesting collection of mica originally sent 

to the British Empire Exhibition, now received back and 
not previously acknowledged. Presented by Messrs. F. 
F. Chrestien & Co., Ld., Domchanch, Kodarma ; Bihar 
and Orissa. 

(3) Materials used in the production of Ferro-tungsten, originally 
sent to the British Empire Exhibition, now received back 
and not previously acknowledged. Presented by the High 
Speed Steol Alloys Co., Ld., Widnes ; England, 
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(6) Chrome briquette from Bangalore. Presented by Messrs 

Oakley, Duncan & Co., Ld. 

(7) Hollandite from the ShivTajpur mine. Presented by Mr. H. J. 

Winch, Shivrajpur, Panch Mahals ; Bombay. 

(8) Green mica from Tibet. Presented by H.E. the Tsarong 

Shape. 

(9) Copper ore, bauxite, barite, steatite, bentonite and zinc 

blende from Kashmir. Presented by Mr. C. S. Middlemise. 

(10) A core of massive haematite from Jamda, Singhbhum dis¬ 

trict. Presented by Mr. F. G. Percival. 

(11) A block of salt with a cavity containing fluid from Shahpur, 

Punjab. Presented by Mr. J. C. Ferguson. 

(12) Pencil crystals of hollandite from Kachi Dhana, Chhind- 

wara district. Presented by Major H. M. Hance. 

(13) Cassiterite in pegmatite from the Amherst district, Burma. 

Presented by Mr. S. H. Harman. 

(14) Pieces of sillimanite crucibles. Presented by Professer 

W. E. S. Turner, Sheffield. 

(15) Cryptohalite from Barari. Presented by Mr. R. G. M. 

Bathgate. 

(16) Green marble from Kharwa. Presented by the Rao Sahib of 

Kharwa. 

During the period under review specimens of the following 

„ . „ „ . meteorites have been received from the British 

Meteorite Collection. , . . , , . . 

Museum and included in our collections :— 

Stony Meteorites. 

(1) Nakhla, Abu Hommos, Alexandria ; Egypt. 

(2) Aumale, Alger ; Algeria. 

Iron Meteorites . 

(1) Dalton, Whitfield County, Georgia ; United States of 

America. 

(2) Garhi Yasin, Shik .rpur taluk, Sukker district, Bombay. 

(3) Bischtiibe, Nikolaev, Turgai ; Siberia. 

(4) Santa Catharina ; Brazil. 

The fall of a meteorite was reported to have occurred at Alam 
Bazar near Calcutta between 8-30 and 9 p.m. on the 14th December 
1925, several villagers having testified to seeing an extremely bright 
flash of light cross from east to west and apparently fall at the above 
locality. So far the actual spot has not been located and efforts to 
recover any of the meteoric material have been unsuccessful. 
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The fossil tree which was transported to Calcutta from Asansol 
at the end of last year has been re-assembled and mounted on the 

Fossil Tree verandah outside the mineral gallery in the 

Museum. The tree was originally laid out as 
received and supported on wooden chocks. It was soon apparent 
that the alternate dryness and damp of the Calcutta, climate would 
result in rapid deterioration; cracks developed between the chocks 
and the pieces threatened to collapse. A continuous cement 

pedestal was accordingly built under the tree from end to end. 
Ea h piece was fitted into place as accurately as possible and all 
cracks and joints pointed with Portland cement ; the whole was 
then coated with transparent, waterproof varnish. In this way 
all strain has been taken off the fragments and it is hoped that 
the waterproof coating, renewed from time to time, will preserve the 
tree from the effects of the climate. 

During 1925, in the Burma Laboratory 42 specimens have been 

_ _ . received and reported upon, of wh ch 18 

Burma Laboratory. 1 1 ’ 

were quantitatively exam ned. I he corres¬ 
ponding figures for 1924 were 45 and 3 respectively. 

PALAEONTOLOGY. 

Dr. G. E. Pilgrim continued to act as Palaeontologist until he left 
for the field in March. Mr. G. H. Tipper then took over the duties of 
the post and continued to act for the remainder of the year. 

During the year under review the following Memoirs have been 
published in the Palwontologia Indica :— 

(1) C. Forster Cooper : “ Anthracotheriidae of the Dera Bugti de¬ 

posits in Baluchistan ” Memoir No. 2 of Vol. VIII of the 
New Series. 

(2) G. E. Pilgrim: “ Perissodactyla of the Eocene of Burma ” 

Memoir No. 3 of the same volume. 

The first portion of the late Mr. E. W. Vredenburg’s monograph on 
the Mollusca of the Post-Eocene deposits of North-Western India has 
appeared in Memoirs y Vol. L, part 1. The second port on is almost ready 
for issue. The delay is due to the unfortunate disorder in which the 
collections were left; this has now almost been rectified and most of the 
missing types have been traced. The following papers of palaeontolo¬ 
gical interest have appeared in the Records: — 

(1) ‘‘ A Fresh-water Fish from the Oil-measures of the Dawna hills,” 
by the late Dr, N. Annandale and Dr. Svmdar Lai Hora, 
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(2) “On a fossil Ampullarild from Poonch, Kashmir/’ by Dr. B. 

Prashad. 

(3) 44 On a calcareous alga belonging to the Triploporellese (Dasy- 

cladaceae) from the Tertiary of India,” by John Walton. 

(4) 44 Notes on Cretaceous Fossils from Afghanistan and Khorassan,” 

by the late H. S. Bion. 

In the last General Report reference was made to the work of Dr. G. E. 
Pilgrim on the fossil Suidae of India. The description of them has been 
completed and is now almost ready for issue. With twenty plates it 
will form Memoir No. 4 of Volume VIII of the Palaontologia^lndim^w 
Series. The same author also has in hand a description of the Hiwalik 
Carnivora and Antelopes. 

Before his lamented death in 1915 the late Mr. Bion had written 
a description of the fauna of the Agglomeratic Slates of the Kashmir 
valley. To this Mr. C. S. Middlemiss has now supplied an introduction. 
This paper, embodying an account of the fauna of one of the most in¬ 
teresting geological horizons in Kashmir, illustrated by eleven plates and 
a geological map, will be published in the Palacmtologia Indica. 

Dr. L. F. Spath has submitted two fasciculi of his revision of the 
Jurassic ceplialopods of Kachh. In addition to Waagen’s original types, 
he has in his hands a mass of very valuable material collected by 
Mr. J. H. Smith, and very kindly piesented by that gentleman to the 
Geological Survey of India. The whole of Dr. Spaths work will finally 
form an authoritative account of a very rich collection. 

Dr. Cowper Reed has described the numerous fossils from several 
horizons, Paleozoic and Mesozoic, collected by Dr. Coggin Brown during 
his journeys in Yunnan. A provisional list of these has already appeared 
in the Records, volume LV, part 4. 

M. Henri Douville, to whom the collections from the Cardita Beaumonli 
beds originally sent to M. Cossnmnn were transferred, states that he has 
almost completed his descriptions. His account of the fauna of this well- 
known horizon of North-Western India is awaited with much interest, 
and will appear in the Pahonfologia Indica. The same author has also 
prepared two short papers on some Cretaceous fossils collected by the 
late Mr. C. L. Gri< sbach (rom Herat and by the late Sir Henry Bk Hayden 
from Chitr.il and Gilgit. These papers will shoitly appear in the 
Records . 

Major L. M. Davies has prepared two descriptive papers, the first 
dealing with two new species of the echinoid genus, Comcl^peus, and the 
second with the foraminiferal genus, Conulites , and some of its species. 
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These papers are the result of investigations, extending over a considerable 
period into the geology of the neighbourhood of Kohat and the Samana 
range. Foraminifers also form the subject of a paper by Mr. W. L. F. 
Nuttall, who writes on “ the Zonal distribution and description of the 
larger foraminifera of the Middle and Lower Kirthar Series (Middle 
Eocene) of parts of Western India,” giving stratigraphical details of the 
deposits, the distribution of the foraminifera, the age of the beds as 
determined from the larger foraminifera and palaeontological descrip¬ 
tions. The paper appears in the present number of the Records . 

For continued assistance in paleeobotanical questions, the Depart¬ 
ment is indebted to Dr. B. Sahni, Professor of Botany in the University 
of Lucknow. He has examined the majority of the specimens of bota¬ 
nical interest submitted during the past year and is still engaged on un- 
described material collected during recent years. In last year’s report 
mention was made of the discovery of a fossil tree trunk of large size in 
beds of the Panchet stage near Asansol. This year another similar 
discovery has to be recorded. This new trunk is only fifty feet long and 
hence considerably shorter than the previous one ; it is, however, of equal 
girth. The trunk has been brought to Calcutta. The Department 
is once again greatly indebted to the authorities of the East Indian Rail¬ 
way for their assistance in handling and transporting this large mass. 
Unfortunately the trunk is in a very broken condition and its restoration 
will require time and care. So far as can be judged from a cursory ex¬ 
amination the tree belongs to the same genus, Dadoxylon , as that of the 
specimens discovered last year. 

In general the fossils submitted for examination during the year were 
not of great interest, although some of them, e.g. foraminifera from 
oil borings, may entail considerable research. 

Amongst the more noticeable specimens was a fossil egg discovered 
by Dr. N. L. Sheldon, Chief Inspector of Explosives in India, and an 
enthusiastic collector. This interesting object was found in a patch of 
soft sandy clay in the “ Red Bed ” of the Yenangyaung Oil-field, due west 
of the most northerly well of the Burmah Oil Company. Dr. Sheldon 
recognised the value of his find and was able to extract the whole patch 
which was brought to Calcutta. Luckily the sandy clay disintegrated 
readily in water and hence the shell fragments were easily obtained 
without further damage. The shell was badly broken but taking due 
regard of the curvature of the fragments, it has been possible to form a 
very fair reconstruction on a mould of plasticine, about two-thirds of the 
shell being preserved* The egg is about 2J inches long by 1£ broad and 
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is t-incli thick and is flattened longitudinally. Mr. Tipper, who under¬ 
took the examination of the egg, finds that in appearance it is reptilian, 
but that none of the recent reptilian eggs with which it has been com¬ 
pared shows the flattening to the same extent; this flattening may be due 
to crushing. Sections of the shell show, according to Mr. Tipper, that 
the structure is distinctly reptilian in character but not identical with 
any recent reptilian genus. This comparison, was made possible by the 
Director of the Zoological Survey of India who kindly provided eggs of 
crocodiles, lizards, tortoises, and various birds. The differences in struc¬ 
ture seen may be partly due to secondary changes during fossilisation. 
A portion of the membrane was seen to be present but this had lost all 
trace of distinctive structure. From their very nature fossil eggs are 
necessarily rare objects, and this discovery is one of considerable 
interest. 

Another discovery of interest, made by Major L. M. Davies during 
his work in the Samana range, consisted of a number of Cretaceous fosdk 
from an horizon hitherto unknown in India. Amongst the specimens 
are several examples of Douvilleiceras mammillatum in a good state 
of preservation, the identity with the European form being complete. 
Amongst the other Ammonites are species of the genera Acanthoceras 
and Hoplites, and several uncoiled Ammonite species. Amongst the 
echinoids the genera, Discoidea and Cardiaster, are represented, the 
former by a species close to hemispherica. Gastropods lamellibranchs 
and brachiopods also occur. The matrix is a hard, rather coarse 
sandstone and the state of the fossils is poor. In spite of this there is 
little doubt that they are from an horizon new to India and that they are 
of Gault age. 

On his way back from the Khyber, Dr. Fox found some large 
blocks of yellow sandy limestone near Jamrud. They are thought 
to have come from the limestone scarp east of Shahgai. The interest¬ 
ing point about them is the fact that they are fossiliferous and contain 
Productus and Spirifcr , which have been identified by Mr. G. H. 
Tipper as indicative of a Devonian facies. 

During the year collections of fossils were presented to various 
Universities, colleges and schools throughout India. Casts of many of 
the principal Siwalik vertebrates were prepared and presented to museums 
abroad. The Library and collections of the Geological Survey have been 
used extensively by private geologists visiting Calcutta, to work out 
their own collections; as in the past every endeavour has been made 
to assist them. 
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Sub-Assistant H. M. Lahiri rendered valuable assistanoe in the work 
of sorting and classifying the material left by the late Mr. Vredenbuig 
and in other ways. Since November his place has been taken by Sub- 
Assistant P. N. Mukherj 1 . 


MINERALOGY. 


During a visit to the Barari Colliery in the Jharia coalfield, Dr. 
Fermor noticed, on the surface of a collapsed area where seam No. 15 

Cryptohalite and was on ^ re un< lerground and where smoke was 
fluorite from the coal- escaping at the surface, two efflorescences, one 
field8# yellow and the other white. The yellow, which 

was in arborescent growths, proved to be native sulphur as expected. 
The white efflorescence was of greater interest, however, for it 
proved to be cryptohalite, a mineral hitherto recorded only from 
Vesuvius. Cryptohalite, which is ammonium silicofluoride, 2NH 4 F.SiF 4 , 
occurs naturally, both amorphous and crystallised in the isometric 
system; ,n addition a hexagonal form has been prepared arti¬ 
ficially. According to Dr. Christie the material from Barari contains 
all three forms. As the formation of this mineral suggested a combina¬ 
tion of ammonia from the coal with fluorine from the mica-apatite- 
peridotite dykes, which are to be seen underground at Barari, Dr. 
Fermor revisited Barari and found that the efflorescence occurs by the 
side of a weathered outcrop of a mica-apatite-peridotite dyke on top of 
an uncollapsed pillar of the mine, and that both efflorescences are 
deposited from a white smoke immediately at its point of issue from the 
hot ground. Judging from information obtained from Mr. Bathgate 
of the East Indian Coal Company, to whom we are indebted for the 
collection of further supplies of cryptohalite, the carbonaceous shales 
overlying the coal seam are also on fire. It is possible, therefore, that 
these shales, rather than the coal itself, are providing the ammonia. 
At Barari, at any rate, we have an imitation of one of the phenomena 
o* vulcanicity, for a burning coal seam is producing a result hitherto 
a chi jved in Nature only by Vesuvius. 

Some years ago fluorite was found by Dr. Fermor in both the Tal- 
chirs and the granulites of the Bokaro coal field. It was obviously an 
added mineral, but its source was unknown. The Barari indication 
of fluorine in the mica-apatite-peridotite dykes and the fact that these 
dykes in the Bokaro coalfield are almost invariably weathered at the 
surface now lead to the suggestion that a portion of the fluorine removed 
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in the course of this weathering may have found a resting place as the 
fluorite of the Talchirs and granulites. When it is remembered that in 
other coalfields also these dykes are similarly weathered other occurrences 
of fluorite may be anticipated in the Gondwanas. 

Near Chikhla in the Bhandara district of the Central Provinces Dr. 
Fermor some time ago collected a curious rock containing two minerals 
_ that were doubtfully identified as sapphirine 

Central Provinces. and enstatite. 1 The blue mineral is m grains 

too small for separation in sufficient quantity 
to render possible a chemical analysis, but Dr. Christie has succeeded 
in determining sufficient of its optical properties to indicate that the 
mineral is lazulite. This was confirmed by a micro-chemical test for 
phosphorus. By immersion methods the mineral was found to have 
the following refractive indices : a =1615, p =1 635, y =1 645 (all 
±0'003) in sodium light. The mineral is optically negative. By heavy 
liquids the specific gravity was found to be 3*17. Both refractive indices 
and specific gravity are higher than those hitherto recorded for lazulite ; 
this probably indicates the presence of a somewhat greater percentage 
of iron than usual. This is not the first record of lazulite in India ; it 
had previously been found in Kashmir. The other mineral Dr. Christie 
found by similar methods to be e ther clinozoisite or kyanite. 

Dr. Fermor has been able to confirm the genetic relationship that 
appears to exist between chabazite and chlorophaeite, in the basalt 
of the Deccan Trap. In a doleritic flow rich 
Trap "bataita. ” eCC#n * n chlorophaite near Pipla in the Chhindwara 
district, it was found possible to detect minute 
chabazite crystals in cavities left after the brittle chlorophaht** had 
been shaken out. Chabazite has now been found in this relationship 
to chlorophaite at three different localities, Bhusawal, Nagpur and 
Pipla. As chlorophaeite is a common mineral in the Deccan traps it 
seems likely that chabazite will also prove to be widely distributed in 
this formation. 

As has already been recorded Dr. Christie found one of the zeolitis 
obtained from the Bhusawal boring to be ptilolite, 2 this being the first 
^ ... . .. record of this mineral in India. Mr. Crook- 

Trap. shank has now found this mineral to be of 

common occurrence in zeolitic specimens from 
the Pipla tract of the Chhindwara district, and it seems not unlikely 


i Mem. Oeol Surv. Jnd., Voi. XXXVJI, p. 7G7. 
•Rtc. Qt6l. Swrv . lnd. , Voi. LVIIi^p. 1U2. 


0 
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thatptilolite is widespread in the Deccan Trap formation as the common 
fibrous zeolite. 

Tibet 

During the year preceding h .s death in 1923, Sir Jlenry Hayden, 
late Director of the Geological Survey of India, carried out, 
at the invitation of the Tibetan Government, a reconnaissance 
survey of the country to the north-west of Lhasa. With the kind 
permission of the executor to his will, Mr. A. A. Vlasto, I took the 
opportunity, while on leave last year, of making a careful search 
amongst Sir Henry Hayden’s papers, in the hope of discovering 
some written account of his scientific researches and, moT© especially, 
any geological map recording his results. Most unfortunately, 
neither one nor the other could be found. As it was his intention 
to offer the results of his scientific researches for publication in the 
Records of his old department, I propose to attempt, with the 
help of mv colleague, Mr. G. H. Tipper, the difficult task of con¬ 
structing a paper out of his field-notes, which, fortunately, have 
come to light; this paper will appear shortly in the Records. 

Both from a scientific and an economic point of view, Hayden’s 
results were somewhat disappointing, but they none-the-less form 
a most valuable addition to our knowledge of the geology of a diffi¬ 
cultly accessible area of the central Asian highlands. The recon¬ 
naissance was a continuation of his survey of the Tibetan provinces 
of Tsang and (J carried out in 1903-04 and comprised the following 
itinerary. 

Sir Henry Hayden was accompanied by the Italian guide, Cesare 
Cosson, who was afterwards killed with him in Switzerland, and by an 
Indian surveyor, Gujjan Singh, supplied by the Survey of India, who 
has produced an excellent and valuable topographical map of the 
country along the route followed. The party left Lhasa on the 
10th of May 1922, and proceeded in a W. N. W. direction to a large 
lake known as the Kya-ring Tso, the south-eastern edge of which 
is just under 190 miles from Lhasa. The route followed the ascent 
of the Kyi Chu valley to the snowy range in which it rises and which 
includes the peak of Nven-chen-thang, over 23,000 feet high. The 
snowy range was found to consist of granite, and the rocks inter¬ 
vening between this and Lhasa included a series characterised by 
large occurrences of rhyolite unconformably overlying quartzite 
and shale. The snowy range was crossed vid the pass known as 
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the Go-ring La (19,000 feet)—in spite of a “ very bad road up to gla¬ 
cier—over granite boulders all the way,” and an “ intense ” wind 
all the way down from the Go-ring La—in a march of from 20 to 
22 miles. The path then crossed two rivers, the Tri Chu and the 
Ngang Chu, followed the valley of the Nya-tsang-sung-ngo, skirted 
the hills S. E. of Shen-tsa-Dzong, and passed through that town 
to the lake mentioned. From the Kya-ring Tso the travellers 
worked westwards, passed the Ngang-tsi Tso and its satellite the 
Phung-pa Tso, to another lake, the Tang-ra Tso. This was their 
farthest point from Lhasa, being distant some 290 miles as the crow 
dies. 

The rocks between the Nyen-chen-thang range and the Tang-ra 
Tso consisted almost entirely of two types, a grit series not unlike 
the Gondwanas and a limestone which appeared to be of Permo- 
Carboniferous age. One or two patches of Tertiary strata were 
seen, in one of which some impure coal was inspected. 

Similar rocks were encountered on the way back by a slightly 
different route to Shen-tsa Dzong. From the latter town a north¬ 
eastern direction was followed between the laTge lake Tso-zi-ling 
and the smaller lake Pang-gok Tso as far as Lhum-pho. The first 
half of this section of the journey, over hilly country, consisted 
mostly of the limestone, with smaller exposures of the gTit series 
and one or two tongues of granite. The latter half traversed allu¬ 
vium, with here and there low' hills of Tertiary rocks protruding. 
At “ Limba,” which almost certainly corresponds to the Lhum- 
pho of the map, a fine dome of Tertiary rocks was seen with a vein 
of asphalt about 8 inches thick in the centre. Such a structure 
and seepage would, in a more accessible situation, offer consider¬ 
able attraction to an oil company. 

From Lhum-pho, which is about 190 miles N.N.'NV. of Lhasa, 
a somewhat sinuous route was followed back to the latter city past 
the smaller Pam Tso and the large lake of Nam Tso. The rocks 
as far as Phong-do Dzong were found to consist of the grits, with 
patches of limestone and bands of granite. Between Pliong-do 
Dzong and the capital city the rhyolite series w T as again crossed. 

ECONOMIC ENQUIRIES. 

Building Materials. 

See Limestone. 
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Cement Materials. 

See Limestone. 

Coal. 

The authorities of Barnra, one of the Feudatory States of Bihar 
and Orissa, suspected the presence of coal in the south of the State. 

D An investigation by Mr. H. Cecil Jones, 

and Orissa. however, failed to reveal any sign of this 

mineral. 

Whilst making a general inspection of collieries in the Pench 
Valley coalfield, Chhindwara district, Central Provinces in 1924, 
n „ Mr. Hobson took the opportunity to obtain 

tral Provinces. a number of coal samples from the various pits. 

These samples were subsequently analysed 
in the laboratory of the Geological Survey and the results submitted 
at the beginning of the year under report. 

As a result of these sampling operations and the analyses it is 
found that the coals have a calorific value ranging from 6,515 B.T.U. 
down to 5,226 B.T.U. and that whilst the coal in the central portion 
of the field, which has been exploited to the greatest extent, is 
all non-ooking coal, that in the western part of the field yields a 
hard coke. As one passes west, also, the seam worked is thicker and 
on the whole of a somewhat better quality. 

The data on which to base any estimate as to the quantity of 
coking coal available is extremely meagre. Coal which gives a 
hard coke oocurs on the east bank of the Kanhan River and again 
near Ghorawari to the east; between these two localities no sample 
could be obtained and a conservative estimate of the lateral extent 
of this coal would be two miles. East of Ghorawari the coal appear* 
to yield a softer coke such as that obtained from near Kothideo and 
Kolia, and its lateral extent is increased by at least another two miles 
This area is marked by a series of east and west faults which con¬ 
tinually bring the strata up to the north but there appears to be a 
falling off in quality. As a conservative estimate Mr. Hobson considers 
that a distance of 750 feet to the dip may be taken as the width 
of exploitable coal-bearing land, though no borings have been 
put down to test the coal on the dip side. The dip whilst 
steeper than in the central part of the field should admit of working 
this distance to the dip. In three pits the seam is worked for a 
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thickness of from 6 to 8 feet and the full thickness is stated to be 
from 9 to 20 feet. A figure of 10 feet may be taken for an esti¬ 
mate. Using this data the calculated total reserver of coking coal 
work out at 3,150,000 tons for each class or a total of 6,300,000 tons. 
The hard coke, derived from coal with an ash content of 17 to 19 per 
cent., is not pure enough to be used by itself for metallurgical pur« 
poses. The coal yielding the softer coke has an ash content of 19 to 
19J per cent. 

Development work in the western pait of the field is not yet 
very far advanced and only three samples could be obtained from 
this section. The mean analysis of these three samples, air-dried, was 
as follows:— 

Moisture.2*26 per cent. 

Volatile matter ........ 29*00 „ 

Fixed carbon. 60*34 M 

Ash.18*40 


From the central section of the field seven samples were obtained 
having approximately the same analysis, the average of an air-dried 
sample being as follows :— 


Moisture 
Volatile matter 
Fixed carbon 
Ash . 


7*86 per cent. 
29*64 „ 

44*41 „ 

18*09 „ 


At the time the samples were taken simple field coking experi¬ 
ments were carried out to see whether the freshness of the coal had 
any appreciable effect on its coking properties. In some cases a 
slight caking effect w r as obtained in the field and not in the lal oratory 
but on the whole these tests showed that, if the freshly cut material 
gives a coke, then coke is also obtained in the laboratory at a consider¬ 
ably later date. It is proposed to publish the results of this work 
in extenso shortly. 

The possibility of finding coal near Kamasamudram, a railway 
station on the Madras and Southern Mahratta Railway, seems to 
# have impressed the Mysore Durbar to such 
amataniu^atn , an extent as to lead them to put down borings. 

A sample of shaly coal reputed to have 
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come out of one of the borings, was forwarded to the Geological Survey 
and yielded on analysis: 

Moisture .. 1*85 per cent. 

Volatile matter.41*90 „ 

Fixed oarbon. 30*76 „ 

Ash. 26*49 „ 

The material caked strongly, giving a dark brown ash. The 
Mysore Durbar, who do not seem to have consulted their own ex¬ 
cellent Geological Department, eventually called in the services 
of Major Hanoe and at his suggestion appealed to the Geological 
Survey of India. Mr. Vinayak Rao, who was deputed to investi¬ 
gate the matter, confirms Major Hance’s opinion that there are no 
Gondwana rocks in the neighbourhood, and that no coalfield is 
likely to be found. 


Copper. 

A trace of copper ore was noticed in association witli galena on 
the hill 2 miles 5 furlongs N.E. of Kyatpye, in the Yamethin 
„ „ district of Upper Burma. It does not appear 

Burma. to be of any commercial value as an ore 

of copper. 

Old pits for copper were noted by Mr. A. L. Coulson in Bundi 
State, R'ijputana, at Neagaon (25°30': 75°34') : 2 miles west of 
c Narenpur (25°28': 75°32'), and one mile 

puumlu tatC ’ aj north-west of Gudha (25°34': 75°28') but the ores 

on prospecting were found to be not worth 
working. 


Engineering Questions and Allied Enquiries. 

At the request of the Executive Engineer, Ranchi, Mr. J. A. 

Bridge Foundation* ; Dunn was deputed to report upon several bridge 
Ranchi district, Bihar foundations on the Ghagra-Simdega section 
•nd Orissa. 0 f Ranchi-Sambalpur main road. 

The whole of the area is composed of the Chota Nagpur granite 
gneiss in general a hard and dense rock, but occasionally some¬ 
what sheared, in which case surface decomposition may result in a 
soft, easily disintegrating material. The granite-gneiss varies from 
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a. ooarse to a quite fine-grained rock, and is occasionally penetrated 
by pegmatitic veins. Inclusions of epidiorite, varying to horn¬ 
blende schist, and of felspathic schist are rare. The coarse-gTained 
granite shows a tendency to decompose and disintegrate more rapidly 
than the fine-grained. 

The Banki Nadi -mile 21\ from Lohardaga. The river here averages 
about 50 yards wide, flowing in the thick alluvium a portion of which 
connects the two south-flowing tributaries between which the road 
crosses the river. In order to avoid the construction of more than 
one bridge the bridge site must be limited to the stretch cf river 
between these tributaries. To the west of the present road the 
alluvium in the river bed is apparently of some depth; the high 
banks with the bad lands on the south side would perhaps point 
to its being quite considerable. At the present crossing tests have 
not disclosed any rock down to a depth of 1G feet. 

Between the present crossing and the Satbahini Nadi to the east 
Mr. Dunn reports there are two possible sites, one some 200 yards east 
of the crossing and another at the north turn of the meander imme¬ 
diately to the east. About 200 yards east of the crossing there is a 
s nail outcrop of granite-gneiss on the south bank of tin* river. This 
rock is somewhat decomposed immediately at the surface, but only to 
a very shallow depth, the granite below being a hard fine-grained 
material. The surface of the granite slopes to the N. of N.N.F. 
at an angle of about 10 '. In consequence it seems likely that the 
depth of the granite surface would considerably increase towards the 
north bank. This would have to be tested. Of the two sites this is 
the more favourably located, as the river here is fairly straight and 
whatever current there is would swing against the south bank where 
the hard rock is at the surface. This site would also require the 
least diversion of the present road. 

At the alternative site at the north bend in the meander there is 
a line of granite-gneiss outcrops extending almost across the riv «r 
except on the north bank itself, but as the river is still cutting into 
this bank farther east it seems very likely that the granite will be 
at a very shallow depth. The river is here quite narrow. The 
abrupt turn in the river will throw a strong current against the north 
bank, but fortunately the site is just on the west or upstream side 
of the actual bend. 

Stream between Gumla and Palkot. In all the streams between 
Qumla and Palkot there are good granite outcrops close to the 
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present road. Where decomposed at the surface, the granite should, 
of course, be excavated for a few feet in depth. 

River 4 miles south of Palkot. —The river in this neighbourhood 
is about 60 to 100 feet wide. At the present crossing it is about 
100 feet wide, the bank being about 3 feet high. Tests have shown 
that the alluvium extends down to a depth of at least 12 feet. At 
this site there is no sign whatever of any granite cropping out. Gra¬ 
nite was found by Mr. Dunn in the river bed over § mile to the east, 
but a site so far away would mean a very long diversion of the 
road. About 300 yards west of the present crossing, however, granite 
crops out on the south bank. At this place the south bank is as 
high as 10 feet, the north bank being only 3 feet. In the centre of 
the river bed tests have shown the depth of the alluvium to be at least 
6 feet. From the rapid slope of the granite surface on the south 
bank, the depth of alluvium may be considerable. The river here 

is only about 60 feet across. It is not possible to state the precise 

depth of the granite below the alluvium on the north bank, but it 
is proposed to wash-bore. 

River 2 miles south of the previous locality, and just north of Pojenga. 
At tfte present crossing there is a small outcrop of granite in the 
centre of the river bed, but the alluvium is apparently quite thick 
on either side. A little farther upstream, however, fine fresh 

granite crops out across the river, and would afford the best bridge 
foundations. 

Small stream at mile 74\ on the Kolebira-Biru section. Th6 

stream is a small tributary of a branch of the Halwai Nadi. The 
old culvert, built on sandy alluvium, was swept away by floods 
owing to insecure foundations. Downstream, only sand and loam 
occur in the stream bank. About 250-300 yards upstream, however, 
some granite was noted by Mr. Dunn crossing the stream-bed, 
and this should take any culvert- quite well. It is rather f$r 
upstream for a good road-gradient in this hill-section, and the 
Engineer proposes to wash-bore at the present site; Mr Dunn, 
however, thinks the depth of alluvium may be considerable. 

The Halwai Nadi , 2 miles S.S.W. of Biru. To the west of the 
present crossing only alluvium is met with as far as the Palamara 
River and there is no suitable bridge site. At the crossing itself, 
just on the north side, is a very small outcrop of granite, but in the 
river and on the south bank there is only alluvium which is 
apparently quite thick. The stream here is also rather wide t 
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East of the present crossing, however, granite was found crop- 
ing out on both sides of the stream and about 14 miles upstream 
there is a very favourable spot where the width is only 200 feet. 
The granite here on both banks is described as fairly fresh. The 
bed of the stream between the banks is in thick alluvium, but 
the irregular character of the denudation of the granite makes it 
impossible to estimate what the depth of the alluvium may be ; it 
may be 20 feet, perhaps more, and the surface of the gTanitc below 
may be decomposed for 3 or 4 feet or more. The central pier would 
naturally have to go to the granite surface, and only excavating 
or boring would show the depth of this. With such a depth of 
alluvium there should be no danger of scour on the actual founda¬ 
tion even with the very strong current which is said to come down 
this stream after heavy rain. 

Khunti Toll Nadi , 2 miles farther south , just north of Bangm 
village . Only alluvium occurs at the suggested site. Granite 
occurs on the rise close to the village 200 yards to the south, and 
there is also an outcrop some distance up the southern fork of the 
stream to the east. There is, however, never much water in the 
stream, and the alluvium seems‘quite firm and shows no tendency 
to scour. The banks are quite high, showing as much as 15 feet 
of alluvium and the depth of the latter may be well over 20 feet. 
The engineer proposes to wash-bore in case granite may be met 
with at a shallow depth, but it is thought that, with due precau¬ 
tions the two culverts necessary might be quite safe on the alluvium. 

Mr. Dunn concludes his report by remarking that throughout 
the length of the road examined the granite should make excellent 
foundations. The surface rock is generally somewhat decomposed, 
and where directly subject to a strong current is likely to scour, 
but if the foundations are sunk about 2 feet into the fresh rock this 
would be avoided. Granite below alluvium, it must be remembered, 
has been subject to decomposition by the overlying water, but 
no removal of the decomposed material by scour has been possible. 
All piers, therefore, must be taken through this decomposition 
zone and well into the fresh granite. 

At the request of the Deputy Commissioner of Singhbhum, 
Mr. J. A. Dunn was deputed to report on the location of a proposed 
Dam-site; Chhan- < k m * n Sanj** Ri yer immediately to the 
kata, StagMumi dls- east of Chhankata village, a little over a mile 
trlct, Dibar and Orissa, ^ ^ 
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About J mi 1 © to the N. W. of Sonua village is a large tank, along 
the land on the south side of which runs the Sonua-Jate road. 
An old trench extends in a north-westerly direction from the tank to 
the river, and it is immediately on the south side of the point where 
this trench meets the river that it is proposed to erect the dam. 
The height of the proposed dam will be from 15 to 17 feet. It is 
proposed to divert the flood waters of the Sanjai into the tank 
for the purpose of irrigating the land to the south. 

In the bed of the stream at the site of the dam is an outcrop 
of a peculiar indurated shale. With the exception of two or three 
very small quartz veins no more than £ inch wide, the rock is uniform 
throughout find practically devoid of joints or fissures. The cleavage is 
very slight and dips 15° E. of N. at about 80°. The rock is 
considerably contorted here and there, but its homogeneity and 
poor cleavage prevent this from being a drawback. 

Mr. Dunn notes that the strongest foundation will, of course, 
be obtained by an alignment parallel to the direction of the cleav¬ 
age, hence slightly askew to the direction of the stream above the 
toe of the dam. The dip of the cleavage is upstream; this is also a 
favourable feature both in regard to the impermeability of the founda¬ 
tion and the direction of thrust. The rock itself, although indurated 
and dense, is not as hard as might be hoped, and if the proposed 
structure were to be of any considerable height with a high pressure 
on the foundation, the site would be unsuitable. But as the height 
of the structure is to be about 17 feet only, and the maximum 
pressure about 3 tons per square foot, the strength of the rock 
is probably considerably more than is required ; it is suggested 
that this opinion be confirmed by a test. There is no likelihood 
of scour. Mr. Dunn notes that the northern 10 feet of the outcrop 
of shales * in the stream-bed are rather more highly cleaved and 
fissured than the remainder of the outcrop, and for this reason 
thinks it would be advisable to keep the toe of the dam this distance 
downstream from the north edge of the outcrop 


Mr. W. D. West was deputed to advise on certain questions 
regarding the reservoir in course of construction at Maniari in the 

Maniarl reservoir • district of the Central Provinces. A 

BUaspur district, Cen- waste weir site has been chosen at the S. W. 
tral Provinces. end 0 f this reservoir, and information was 

required as to (i) whether sound rock is likely to be obtained at a 
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reasonable depth under the soft and cracked rock at the left (east) 
flank of the weir, and if so at about what depth ; and (u) whether 
there is any reason to suppose that the rock in the centre and right 
flank of the weir is not entirely sound and is not connected with 
the solid stratum of rock which appears to underlie the whole area. 

The site chosen for the waste weir is a small spur of granite 
running out into the alluvium in an easterly direction from the 
main granite hills on the west. It is bounded on the south by 
thick alluvium, and on the north by a small stream running east, 
which has cut its way down into rather altered granite. 

Doubts as to the soundness of the site have arisen owing to the 
fact that the rock at the eastern end of the Rpur is of a different 
nature from that forming its centre and western end. Examination 
has shown that the former is an acid variety of the granite, differing 
chiefly in the complete absence of mica. In addition it has a 
somewhat fissile structure giving it a bedded appearance with a strike 
about 75°E. of S. 

The junction between the two types is quite apparent, and, 
owing to the fact that the upper surface of the true granite slopes 
to the east and that the eastern end of the spur is somewhat higher 
than the centre, there has arisen the idea that the true granite 
dips under the acid variety in the manner of a stratified sedimen¬ 
tary deposit. The granite and its acid variety being igneous rocks 
there is no particular reason to expect that it may continue to 
dip eastwards under the acid variety at an aqgle the same as the 
surface slope of the granite as seen on the top of the hill. The 
latter is a purely denudation effect. It is much more likely that 
the junction is quite irregular ; it may approach vertically. 

To the east of this granite spur is the Maniari river, which passes 
mainly through alluvium but also reveals some gTanite. Further 
east still, however, is a narrow line of rock standing up out of the 
alluvium and running about 75° W. of N., a direction which is exactly 
in line with the acid rock at the end of the spur. Moreover it is 
of precisely the same rock with the same fissile structure, and, 
although it is not seen in the Maniari river, there can be little doubt 
that the two were once connected in the form of a long dyke cut¬ 
ting the granite. 

An important point about this dyke rock is noted by Mr. Wes> 
At the top of the eastern end of the spur the rock is seen to be 
tx&versed by a fine network of veins of qu-rtr, and the same feature 
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is seen in the continuation of the dyke to the east of the river. It 
is clear that this is due to the rock having been badly crushed at 
some time, the fractures being subsequently sealed up by quartz 
deposited in them, as is commonly the case with crushing due to 
faulting. 

The rock thus suffers from two weaknesses, the fissile “ bedded ” 
structure, which is parallel to the length of the dyke and may have 
had some connection with the way it cooleJ ; and this later crush¬ 
ing, which, although subsequently sealed up by vein quartz, will 
always be a source of trouble. 

The rock, therefore, as already recognised by the engineers, is 
eminently unsuited for the construction of part of a weir, and, what 
is of particular relevance, it Has been shown that both these weak¬ 
nesses occur in the rock throughout its length, so that should the 
acid rock on the hill continue in depth, as is most probable, there 
is little likelihood that it will change into rock without these 
weaknesses. 

It appears that if sound rock could be reached at or above R.L. 
1160 then the present design and position of the weir could still be 
retained. As already pointed out, the slope of the top of the sound 
granite cannot be regarded as necessarily continuing thus beneath 
the unsound rock, and a careful examination of the north and south 
sides of the hill certainly suggests that the unsound rock continues 
in depth to below the 1160 limit, although the evidence is not ab¬ 
solutely decisive. Stronger evidence is afforded by the eastern end of 
the spur. All down this side the unsound acid rock can be seen 
actually in place, the lowest point being about R. L. 1130 or 1125, 
although of course it may go lower, and the whole of this would 
presumably have to be excavated. Thus there seems no chance of 
the required conditions being satisfied. 

Mr. West has, therefore, recommended that further excavation 
at the eastern end of the weir site be stopped and the site moved 
further west. The rock in the centre and in the western side of the 
weir, as at present designed, does consist of the typical granite of 
the area and is certainly connected with the solid stratum that 
underlies the whole area. It is also probably quite sound, although 
it will contain the usual joints that are found in granites. In 
addition there is a certain amount of jointing in a direction 7 b° 
W. of N. to 75° E. of S., i.e., along the length of the weir, which 
appears to be a direction of weakness throughout the area; thjs 
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appears to die out westwards and is not regarded as being a very 
serious factor. 

The heavy rains of 1925 appear to have been responsible for falls 
of the roof and subsidence in some of the tunnels of the Khybcr 
Railway, particularly between the present ter- 

W^rontler * UWiyf mmxx 8 Landi Kotal and the projected ter¬ 
minus at Landi Khana. The services of an 
officer of the Geological Survey having been requested for the exami¬ 
nation of the hill-sides and tunnels of the line, Dr. C. S. Fox was 
deputed to carry out the investigation, Mr. E. R. Gee accompanying 
him for instructional purposes. The railway alignment has encount¬ 
ered massive bedded limestone and laminated shales with finely 
disseminated pyrite. Both types of rock, although showing a general 
regularity of strike and dip, were found to be intensely over-folded. 
In the case of the limestones from the Ali Musjid tunnels to Landi 
Kotal, the line can be assumed to be quite safe. According to 
Dr. F ox, the same can scarcely be said regarding the tunnels in the 
black and grey slaty shales. These rocks, occasionally crossed by 
zones of crush and shearing, owing to the presence of finely disse¬ 
minated pyrite, are subject to rapid alteration on exposure to damp 
air. The pyrite is decomposed, and the sulphuric acid therefrom 
leads to the formation of alum, breaking doun the shales into soft 
clay. The alum occurs as an efflorescence on the surface of the shales 
or in the tunnels which traverse these beds. After rain the efflores¬ 
cence is washed away, but in the following dry weather more efflo¬ 
rescence appears. Thus it is that the shales, besides being decom¬ 
posed into clay, are leached of a considerable volume of solid matter. 
The process must lead to a weakening of the strata, particularly in 
the tunnels, since the oxidation of the pyrite cannot be prevented, 
nor is it possible to prevent the soluble alum from being removed 
in solution. Unfortunately, the trouble does not end with the de¬ 
composition of the shale to clay, nor with the liberation of acid and 
formation and removal of alum. The sulphuric acid and the sul¬ 
phate salts have a harmful effect on lime mortar, concrete, and port- 
land cement, and the cementing medium is rendered useless and 
friable and the masonry weakened. 

The best solution to the problem is, in the opinion of Dr. Fox, 
the use of blocks of quartzite or hard pure sandstone without any 
mortar. This method is considered impracticable in the Khyber 
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owing to the difficulty of procuring the quartzite. A reasonable 
degree of immunity, at least against the presence of sulphate salts, 
would appear to be possible by using a more suitable moitar, such 
as bauxite cement (ciment fondu or La Farge Cement). Experi¬ 
ments have shown that bauxite cement sets quickly ana at the 
same time to a higher strength than portland cement. It is specially 
claimed that bauxite cement is immune to the corroding effects of 
salt water or soils contaminated with sulphate salts. If these 
claims for bauxite cement can be substantiated, it is evident that 
the masonry of the tunnels in the pyritiferous slaty shales should be 
re-cemented with bauxite cement. This has been recommend*d 
by Dr. Fox, who considers that the hill-sides are safe, but that the 
trouble is, and will continue to be, the weakening of the shales 
particularly in the tunnel sections. The sections which need early 
attention have been pointed out. The re-lining of all the tunnels, 
which show an efflorescence of white (alum) salts in the tunnel and 
on the shales outside, should be carried out steadily on an extended 
programme, the case of those tunnels which traverse the shales along 
their strike being relatively more urgent than that of tunnels which 
cross the strike of the strata. Tunnels which cross zones of crush 
and shear in the shales require the earliest attention. 

Dr. Fox has also discussed the effects of floods in the streams 
of alluvial tracts, such as those between Jamrud and Bagiari and 
about Zintarra. He recommends stream training by means of stone- 
aprons (masonry surfaces) gently inclined upstream, both in dip and 
strike, to the bed and banks respectively of the stream. Such 
control devices are best situated just above a concave bend or where 
a stream is to be deflected ; they should be located on that bank 
which is subject to scour. The deflecting angle should not be more 
than 20° either in dip or strike to the direction of stream flow'. A 
stream will thus be forced up the inclined plane, its velocity reduced, 
and its load of d6bris deposited, the water spilling back to the stream 
robbed of its scouring power. 

At the request of the Superintending Engineer, Hydro-Electric 
Haro River dam~sites, Circle, Punjab, Dr. G. E. Pilgrim was deputed 
Pun l ab - to investigate and report upon proposed dam 

sites in the Haro jliver where it leaves an open alluvial plain and 
enters high rocky hills just before reaching the village of Sanjwal, 
some 4 miles E. S. E. of Campbellpore. Two sites had been sug- 



Part 1.] 


General Report for 1925. 


31 


gested, one of them, the lower site, parallel to the strike of the 
rocks and the other, some 300 yards higher up stream, running 
across the strike. 

According to the report Dr. Pilgrim has submitted, the majority 
of the rocks are of limestone with occasional shaly bands amongst 
which is one prominent bed of purple shale. The lithological 
resemblance of certain of the beds to the basal nummulitic beds of 
the Pir Panjal and the occurrence in them of similar small fora- 
minifera, leave it hardly in doubt that all the rocks belong 
to the Hill Limestone stage of the Kala Chitta Nummulitics. The 
total thickness of strata exposed in the river section is about 350 
feet, of which about 60 feet are massive limestones. These are 
underlain by thin-bedded limestones, with some bands of shale, 
a prominent bed of purple shale being amongst the lowest beds 
exposed. These are perhaps about 170 feet thick. The massive 
limestones are overlain by tliin-bedded shaly limestone and shale, 
of which about 120 feet are exposed. This series of strata is crossed 
four times between the bend in the river and a point about 300 
yards below the lower dam site, where the beds become almost 
horizontal. This is due to the fact that there are five folds between 
the Sanjwal ridge and the point below the lower dam site mentioned 
above. From Sanjwal village down to the bend in the river the 
strike of the beds is approximately E -W. and follows the course of 
the river, which thus flows along an anticlinal fold, Sanjwal ridge 
forming a synclinal basin, bed after bed coming to an end east 
of Sanjwal village. At the bend in the river the strike curves sharply 
from an E.-W. direction to a S.E.-N.W. direction, and then very 
gradually resumes its original direction. 

North of the Sanjwal synclinal ridge the rocks disappear beneath 
a large area of cultivated ground. These alluvia! beds are well 
seen in the bed of a large stream about one mile west of Sanjwal village 
and about the ground to the west of this stream. They consist of a 
fairly compact silty sandstone or clay, with bands of soft but more 
compact sandstone as much as 2 feet thick m places. The highest 
member of the alluvial series is a conglomerate with large pebbles, 
which is frequently encrusted with calcareous tufa. At Jessian, 
about three miles to the west, this conglomerate caps many of the 
hills and is as much as 30 feet thick ; but in the area now dealt 
with Dr. Pilgrim only noticed it in a small exposure to the east of 
the village of Sanjwal. Besides the area of cultivated ground to 
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the north of the Sanjwal synclinal, referred to above, there are other 
areas of cultivation to the west of the lower dam site, which no 
doubt represent alluvial deposits of a greater or less depth. From 
observations at Jessian and elsewhere, it was evident that the 
alluvium fills up valleys between the solid rock formations, which 
are often of considerable depth; from which it follows that the 
alluvium thickens very rapidly from the nearest visible outcrop of 
solid rock. The significance of this from the point of view of the 
construction of a masonry overflow is of some importance. 

Although only two sites were 'suggested for a dam, three distinct 
projects arise for consideration on these two sites. On the lower 
site it is possible to build : (l) a gravity dam across the narrowest 
portion of the gorge, resting on and, so to speak, continuing the 
massive limestone rock which forms vertical walls on either side of 
the river ; (2) an arch dam springing from two haunches of massive 
limestone on either side of the river. On the upper site no such 
haunches of solid rock exist so that a dam constructed in this posi¬ 
tion must necessarily be of the gravity type (3). 

A dam which runs parallel to the strike of the rocks is primd 
facie to be preferred to one which runs across the strike. In the 
latter case the bedding planes which offer opportunities for the 
water to percolate to and so weaken the foundations of the dam 
are numerous ; in the former, on the other hand, the bedding planes 
are few in number and the danger of percolation is diminished. 
Although in the present instance the substance of the thin-bedded 
limestones and shales, which would form the greater portion of the 
floor against the upper dam site, is not itself permeable, the 
thin-bedded character of the rocks offers a possible source of danger. 
Other things being equal therefore, the lower site is to be preferred. 
Apart from the question of expense, another objection exists, in the 
opinion of Dr. Pilgrim, in the case of the upper site, which may 
tend to weigh down the balance in favour of the lower site. This 
is that by choosing the upper site* the reservoir will be deprived 
of a very important portion of its storage content, and, moreover, 
since that portion of the reservoir to the north of the Sanjwal ridge 
communicates with the Haro by a stream which cuts through the 
ridge to the west of the upper site, it will be necessary to construct 
a massive band to impound the water in this northern portion. The 
massive limestone in the places where it lies in its original bedding 
planes, that is to say, where it is not folded, appears to be reason- 
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ably free from fissures/ and itsjcompact and massive character 
renders it eminently suitable to withstand great pressures and to 
form a secure foundation for any masonry structure. Unfortunately 
at the lower dam site the limestone is sharply folded both along 
and across the strike, and, as might be expected, is badly fissured. 
On either side, as one leaves the folded zone, the Assuring seems to 
be absent. It might be possible to construct a gravity dam 
here against the limestone walls with the aid of extensive cement 
grouting were it not for the fact that on account of the sharp bend 
in the strike at this point the zone of Assuring must extend far 
below the river level wjiere grouting would be impossible. Such 
open fissures would be a certain source of leakage from the reser 
voir if not of actual danger to the stability of the dam. 

Dr. Pilgrim considers that an arch dam might, however, be 
built so as to spring from the massive limestone cliffs outside the 
fissured zone, that is to say, from a point about 130 feet from the 
right bank of the river and from another point about 350 feet from 
the left bank of the river. These limits might perhaps be relaxeo 
provided all visible fissures were grouted with cement, since an 
apron of impermeable rock interposes itself between the concealed 
fissured limestone and the reservoir, as the ground rises on either 
side away from the river. For the same reason in other parts of 
the reservoir which come into contact with the massive limestone 
it would only be the upper levels of the water which would actually 
touch it, since the impermeable thin-bedded limestone extends a 
long way up the hill sides. The smaller hydrostatic pressure in this 
case would be insufficient to cause serious leakage. Subsequently, if 
found necessary, visible fissureB could be grouted in such parts of 
the reservoir. 

Dr. Pilgrim consider - that the formation as a whole w r ould afford 
a sufficiently stable foundation for the base of the arch dam, the 
stability of which would not be impaired by leakage at its base 
since this part of the rock formation appears to be reasonably 
impermeable to water. 

With regard to the location of an o\erflow for the reservoir, 
Dr. Pilgrim prefers a site about 5 furlongs west of Sanjwal village 
where the cultivated ground mentioned above rises to a crest of 
about 1163 feet elevation. To the west of this crest the ground 
falls to the stream mentioned above. The topmost level of the 
water will just reach this crest, and it constitutes an eminently 

D 
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suitable site for an overflow into the stream referred to. The only 
difficulty concerns the depth at which the solid rock lies beneath the 
alluvium, on which the masonry foundations of the overflow should 
rest. Information on this point could be gleaned from trial pits. 

Should the alluvium be too thick to make the construction of 
an overflow practicable on the line suggested, an alternative line 
exists, 400 feet to the N.E. On this line it is certain that rock 
exists a short distance beneath the surface. The objection to this 
line, however, is that the water from the overflow will naturally 
follow the course of a small stream, which will bring it into the Haro 
at a point too near the tail-race of the Hydro-Electric Power Works 
which it is proposed to erect. It will, therefore, be necessary to 
cut a channel through an outcrop of limestone to the south and 
lead the water from the overflow into the Haro at a point which is 
farther away from the tail-race. The expense of this would to 
some extent be compensated for by the limestone which would thus 
be rendered available for building the dam. 

Prom a geological point of view the disposition of the strata 
render the construction of an arch dam on the lower site preferable 
to a gravity dam on the upper site, and the larger storage obtained 
tells in favour of the former project. 

On the alignment of the projected Mukerian-Mandi Railway 
there is one section for which two alternative alignments have been 
proposed. This section is situated from 2 to 3 
way U J>ri^ miles east of the village of Talwara in the 

extreme eastern portion of Survey Sheet 248 
tf.E. (scale 2 in°hes=l mile). At the request of the Superinten¬ 
dent of the HydM Electric Circle for the Punjab, Dr. G. E. Pilgrim 
was deputed to visit the site with the object of investigating the 
respective geological merits of the two alignments. According to him 
the geological formations exposed in the area consist of- 

(1) A series of massive but soft sandstones occurring in bands, 
having an average thickness of about 60 feet, inter- 
bedded with softer silty sandstones and arenaceous clays 
occupying an average thickness of 20 feet between each 
band of massive sandstone. These beds belong to the 
upper part of the Pinjor stage of the Upper Siwaliks. , 
[21 A boulder gravel which caps the preceding stage of sand¬ 
stones and clays and occupies only the highest summits 
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of the range which rises between the Beas river and 
the Khad Ghamir, and occasionally small scarps which 
occur on the slopes down to the Khad Ghamir. This 
is never more than about 10 feet thick and belongs to 
the Boulder Conglomerate stage of the Upper Siwabks. 
'Ihe strike of these beds is seen to bend round from 
N.N.W.—S.S.E.. to N.N.E.—SAW. The beds arc dis¬ 
posed in a sharp synclinal fold, having its axis approxi¬ 
mately in the bed of the Khad Ghamir. The dip of the 
beds both to the east and west of the axis increases 
rapidly from ihe horizontal to a maximum of about 
40°. 

(3) A series of horizontally bedded gravels of sub-Recent age 
and derived from the disintegration of the boulder conglo¬ 
merate mentioned above. These occupy the flat plateaus 
round Talwara about 50 feet above the bed of the Beas 
and also extend some way up the slopes of the hill-sides. 

To consider first the original or more northerly alignment pro¬ 
posed which hugs the S. bank of the Beas, the first 2\ miles are 
either along the low ground just above the flood level or on the 
gravel plateaus. As the point is neared where the hills adjoin the 
Beas, the alignment passes over the lower gravel slopes. So far no 
difficulty occurs since the gravels are stable and will form a sound 
embankment. The real difficulty begins when the Upper Siwabk 
beds rim out to the river and affects a distance of about l mile. 
This portion of the alignment is almost at Tight angles to the strike 
of the beds, so that the conditions making for geological stability 
are all that can be desired, provided the rocks themselves afford a 
sufficiently secure foundation for the line. Unfortunately this is 
only partially the case. The bands of massive sandstone, which 
form spurs jutting out into the river are, though soft, free from 
fissures and compact, and it is not anticipated that any danger iB 
to be feared to that part of the line which may rest on this or to the 
concrete foundations which may be constructed on this as a base. 
The sandstone is even less liable to disintegration by water than 
by atmospheric agencies, as is shown by the spurs jutting far out 
ii*to the river. Dr. Pilgrim, however, recommends that blocks one 
foot cube be subjected to immersion in water and to alternate expo¬ 
sure to a stream of water followed by desiccation in the r r.L at 
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intervals of 24 hours, during a period of a month, in order to make 
sure that no deleterious ohange takes place. 

The state of affairs is, however, very different in the case of the 
softer silty sandstone and arenaceous clays which it has been stated 
are interbedded with the massive sandstones. The silty sandstones 
readily break down into a loose sand, where they are exposed to 
air, though even in their case the disintegration is more rapid under 
atmospheric agencies than under water. The clay bands are liable 
to erosion by water, and in consequence the whole stretch com¬ 
posed of the two elements, clay and sandstone, is worn away and 
a series of small stream-courses is produced between the bands of 
missive sandstone, while the river embayB in such places between 
the projecting spurs of massive sandstone. It is, therefore, obvious 
that no reliance is to be placed on this part of the formation as a 
base for foundations of any kind. 

Either wedge-shaped concrete revetments may be used to bridge 
over the stream courses, or steel culverts may be employed to 
oonnect successive ridges of massive sandstone, whichever is found 
to be most economical or desirable from an engineering point of 
view. The massive sandstone may be regarded as strong enough to 
atand the weight or to afford a secure foundation, while at the 
same time no apprehensions need be entertained for the cuttings, 
or in one case the tunnel, which will in every case be necessary to 
carry the line through the sandstone spurs, providing the experi¬ 
mental tests suggested produce satisfactory results. 

If the weak places referred to above are ensured, Dr. Pilgrim consi¬ 
ders there is no reason why this alignment should not be satisfactory. 

Proceeding to the consideration of an alternative and somewhat 
longer alignment proposed by Major Anderson, we find that from the 
point where it diverges from the original alignment it passes over a 
sub-Re cent gravel plateau and then ascends for the most part over 
superficial gravels until near the village of Nagrota. Beyond the steeper 
gradients involved and the greater amount of embanking necessary, 
tnere are no difficulties from a geological point of view up to this 
point. Prom now on the alignment gradually descends to the Khad 
Ghamir traversing three broad compound stream-courses which run 
down into the Nala Ghamir. This portion of the alignment is along the 
strike of the rocks, which dip at angles of from 20° to 30°, and thus 
correspond approximately with the angle of slope of the hill side. 
Owing to the'denuding action of atmospheric agencies, the massive 
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sandstone has only been preserved for the most part on the spurs 
between the various tributary streamlets which run into the Khad 
Ghamir. The streamlets themselves are carved out of the soft silty 
sandstones and clays, which in the case of the area we are dealing with 
underlie the band of massive sandstone. According to Dr. Pilgrim, in 
three parts of the alignment it runs for distances of one to two 
furlongs practically on these softer rocks and over the whole of the 
hill-side these have disintegrated into sand, clay and soil. The geolo¬ 
gical conditions, therefore, are most favourable for slips of these loose 
collections of debris on to the alignment, while the plopes below 
the line being often very steep are also insecure. The junction 
between the massive sandstone is in general a precipitous cliff 
perhaps only 10 feet but sometimes as much as 80 feet in 
height. 

In order to carry a railway line safely through country of this 
nature it is necessary that extensive revetments be made both 
above as well as below the line and p considerable amount of earth 
work bonked up. If the expenditure of considerable sums on 
revetting and embanking is considered no objection Dr. Pilgrim, 
thinks that the unfavourable geological conditions can be succegs- 
fully combatted. 

With regard to the respective merits of the two alignments the 
question seems to be more one of expense than of anything else. 
In the first scheme there are numerous small intervals between the 
massive sandstone spurs to be bridged and numerous small cuttings 
to be made. In the second scheme the alignment is slightly longer 
and steeper and heavy revetments, high embankments and a few 
long cuttings will be necessary. It is thought that the second scheme 
would cost somewhat more in upkeep. 

A site selected for married quarters near the Tytler Lines at 
Bakloh having been abandoned on account of land-slides, the Gco- 
BnlMlng iltet, B akl oh logical Survey were appealed to for assistance, 
CantoBuieBt ; Puajab. and g j Bradshaw was deputed to 

report upon the stability of alternative sites* 

The Bakloh cantonment is built upon a ridge of Tertiary rocks 
consisting of dark, indurated, compact, and sometimes micaceous 
sandstone with intercalated beds of friable ferruginous shales. The 
sandstone is very freely jointed, so that it is usually possible to 
breafc off rectangular blocks of any size. This free jointing results 
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in the separation of large, irregular boulders at almost every out¬ 
crop. It is the combination of the clastic nature of the sandstone 
with the friable and slippery quality of the underlying shales which 
is the cause of the general instability of the area. 

During heavy rain, small streams of water either eat back from 
the edges of the terraces over which they drain, or else find their 
way through the joint-planes of the sandstones and wash away the 
underlying shales ; the result in both cases is the isolation of large 
boulders and masses of rock which are left in a state of gradually 
increasing instability. 

The dip of the rocks in the cantonment is variable, but produces 
the general form of a syncline. The average dip on the west side 
of the Tytler Lines is about 35° to the north-east, while the dip on 
the east side is steeper and about 65° to west-south-west. Mr. 
Bradshaw remarks that while, in general, areas of steep dip are the 
most likely to give trouble through fracturing of the sandstone and 
the fall of boulders, yet the question of dip is of less importance than 
usual on account of the free jointing of the sandstone which is 
common to the whole area and is the immediate and governing cause 
of slipping. 

It may be said at once that the whole of that portion of the 
Bakloh Ridge on which the Tytler Lines are built is unstable and, 
where-there are no protective works, will be subject to removal 
piecemeal The whole area is treacherous, and there is no building 
site which can be regarded as naturally and permanently sound. 
It is thought possible, however, to select sites which can be rendered 
reasonably secure by building protective works ; these should pri¬ 
marily take the form of adequate drainage. 

The general considerations which should govern the choice of 
any building site in the area are summarised by Mr. Bradshaw as 
follows :— 

(1) Sites should be chosen on spurs rather than in re-entrants ; 

re-entrants into which the surface water drains from 
every direction should especially be avoided. 

(2) Ground which is overlooked by steep scarps may itself be 

sound, but there is, of course, the danger of material 
slipping from above. 

(3) Ground where the slope of the hill-side is low is usually 
r stable. 
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(4) Ground which has a large catchment area above it should 

be avoided unless the water drains naturally to the sides 
and not over the ground. 

(5) Where firm ground can be found in the neighbourhood of a 

permanent stream-course, the construction of artificial 
drainage will be facilitated ; but, if the ground is not 
firm, the proximity of a stream-course is a danger, and 
the site should be avoided. 

(6) Springs on or above a site are a source of danger, and their 

immediate neighbourhood should be avoided. 

The most important criterion regarding any site select(d for 
building purposes is that it should be adequately drained. A suggested 
scheme of drainage for terraces was put forward by Mr. Bradshaw, 
who notes the following chief points :— 

(1) Drainage should not be confined to the site alone. The 

ground both above and below each terrace should also 
be drained thoroughly. 

(2) Both the slope behind the terrace and the lower face of the 

terrace itself should be supported to a height of about 6 
feet by porous retaining walls, either of open-masomy 
or with weep-holes. Short wing walls might have to 
be built in some cases where terraces have to be excavated 
in the hillside. 

(3) Drains of adequate capacity should run immediately at the 

foot of these retaining walls. It is important that the 
drainage should not be skimped or curtailed. The water 
should be led away quite clear of the ground immediately 
below the terraces. 

(4) The terrace should have a gutter at the front edge of the 

terrace, so that surface water sould be carried to the 
sides and prevented from spilling over the face of the 
terrace. 

. (5) An adequate catch-drain or drains should be provided in 
the ground above the site to divert the surface waters 
well clear of the sides of the terrace. 

(6) Where there are large stream-courses close to the terrace 
they should be cascaded where possible and sharp corners 
eliminated from the near vicinity of the building 
site. 
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(7) A amall drain leading into the front gutter should surround 

the building itself so as to carry off water from the roof. 

(8) If any small channels run naturally across a site, they should 

be diverted from above by lateral drainage. 

Owing to heavy rain during the greater part of his visit, Mr. 
Bradshaw had the advantage of seeing the ground actually water¬ 
logged. Several small slips occurred while he was there, and the 
problem of the relative stability of different parts of the area was 
greatly simplified and in part solved by the manner in which the 
different sites withstood the severe rainfall. 

The actual problem was to find sites for eighty-five married 
quarters. A block of ten quarters requires a terrace roughly 130 
feet by 30 feet, and a block of five quarters one 70 feet by 30 feet. 

It was decided that the majority of the quarters should be built 
on site No. 1 in spite of the disadvantage of its distance from the 
parade ground. The first block of ten quarters is to be situated on 
a spur below a telegraph pole on the road. This ridge is comparative¬ 
ly dry and stable, end the dip of its rocks is from 60° to 65° to the 
west-north-west. There is overhanging ground which is not stable 
but any fall would be broken by the terrace behind the site chosen. 
When the site is terraced, the front face should be supported by a 
retaining wall. 

Two blocks of five quarters, staggered and en echelon, are to be 
cited on a similar spur close to that which has just been described. 
The same remarks apply as in the case of the first site. 

Further along the road, the gentle slope of the hillside is broken 
by a series of low terraces. In this locality it is proposed that six 
blocks of ten quarters each should be situated. The dip of the rocks 
is 60°-65° to the west-north-west. The ground is stable, and consists 
of large boulders imbedded in firm soil. There is a considerable 
amount of surface water, but there will be no difficulty in leading 
it into the large stream-course near by. Great care should be 
exercised in ensuring that the water which irrigates the cultivated 
terraces above is all diverted clear of the site. The drainage of the 
road also should be improved. 

Another site is below the hospital, and provides room for two 
blocks of five quarters each. The ground is firm, and should be 
drained into the neighbouring water-course. The road above should 
be drained adequately, and the small spring in front of the site 
should be avoided. 



Part 1.] 


General Report for 1925 . 


41 


A further site was considered unsuitable for married quarters, 
chiefly on account of the proximity of the Isolation Hospital, but 
the area should provide a good site for any other buildings vhich 
may be required in the future. It lies on the crest of a steep and 
narrow ridge where micaceous sandstones and slaty ferruginous 
shales dip west-south-west at 65°. The ground is firm, end there 
is the advantage of the presence of several ready-made foundations 
available in situ. 

Another site occupies the top of the western side of the ridge. 
The dip of the rocks is comparatively low, being north-east at about 
30°. The rocks are the usual sandstones and shales, the actual sites 
being on shale. Here there are two terraces suitable for building 
on, provided they are adequately drained. The adjacent water¬ 
course would have to be cascaded, and there are some sharp coiners 
in its course which ought to be eliminated, especially that just 
above the terraces. The terraces should be supported by retaining 
walls. For disciplinary reasons, this site was not considered suit¬ 
able for married quarters, but, like the preceding, it provides a 
good potential situation for any other building which may be re¬ 
quired in the future. 

In Mr. Bradshaw’s opinion, none of the sites is ideal, but, provided 
thorough drainage is carried out on the lines suggested, the sites 
could ke made reasonably secure and stable. 

After the buildings have been constructed, the first period of 
heavy rain will provide an opportunity for judging the efficiency 
of the drains in carrying all surface water clear of the terraces. 
As the stability of the terraces depends entirely upon the efficiency 
of drainage, additional drains should be constructed wherever the 
drains built are demonstrated to be inadequate to keep the terraces 
firm and dry. 

Since 1915 the question of establishing a large dfm ?80 feet high 
in the BhakhrA gorge of the Sutlej river has at one time or another 

^ L been referred to this Department for opinion, 

Bhakhra dam ; Punjab. T ... . r . , 1 . L 

In 1925 the galleries laying bare the strata 

in the gorge, which had been recommended by the Geological Survey, 
were at last completed. Dr. C. S. Fox was instructed to examine 
the rocks in these galleries on his way back from the Khyber. The 
rooks in the narrowest part of the gorge, in the section selected foi 
Jiho <iito of the dam are somowhat crushed by sheir forces, evidently 
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the result of the weight of the beds in the steep hills on either side. 
There are potentialities, explained in the report submitted by Dr. 
Fox, for a landslip to occur just below the narrowest part of the 
gorge, owing to the strata being inclined down stream at high angles 
and striking across the gorge, almost at right angles. It is possible 
by going somewhat above the narrowest point of the gorge to find a 
place on which it would be safe enough to found a large dam. 
This place is roughly 300 feet above the previously selected site. On 
account of the steep hill-sides, however, it appears wise not to 
cut a permanent, side spillway in the flanks of the gorge. Through 
the ridge on the north side of the gorge Dr. Fox has pointed out the 
alignment of a tunnel which might function as a spillway. With 
due precautions the Bhakhra gorge is not considered unsuitable as 
the site of a large dam. 

At the request of the Forest Department of the Government of 
Bengal for an investigation of several landslides in the Kalimpong 
Division, Mr. E. R. Gee was deputed to visit 
pong division,’ Ben**™" the areas affected. Some of the landslides 
visited were situated within the Government 
Forests, causing the destruction of jungle over considerable areas. 
Others in Khas Mahal districts affected both the jungle and arable 
land, preventing the cultivation of the maize and rice crops which 
are grown extensively on these hill-slopes. 

The areas, which, up to the present have been affected by the 
landslides include parts of the Risaum, Labha, Pankasari, Ambiok, 
Chumang and Pugo Forest Blocks; and the Chibo, Dolepchan, 
Ambiok, Pala, Pagag, Nim, Pagrenbong, Nimbong, Nobgong, Yang- 
makum, and Suyuk Khas Mahal areas. 

The strata concerned in the slides include the following forma¬ 
tions :— 

(1) The Coal-bearing Gondwanas, including felspathic grey and 

green sandstones with thick grey-green clays and several 
coal-seams. 

(2) Slates and phyllites of the Daling division. 

(3) The Gneissic series. 

All the Gondwana strata have been severely crushed, the Band- 
stones becoming markedly jointed, and the clays together with some 
of the ooabseams, converted into flaky shales. In a similar manner 
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the olays and phyllites of the Daling division have become finely 
foliated and traversed by numerous planes of fracture. The angle 
of dip is usually very steep. 

As a result of weathering the rocks have disintegrated rapidly, 
the original slope of the hilllsides representing the angle of repose 
for unweathered rock. This factor combined with the fact that 
erosion has made the present slopes steeper than the original, has 
resulted in the instability of various parts of the division. The 
disintegration of the rocks, and therefore the mode and extent of 
the slipping, obviously^ depend on the nature of the strata affected. 

Mr. Gee remarks that, in the case of the gneisses and micaceous 
schists, their rapid weathering appears to be due to the softer 
schistose intercalations, combined with the marked jointing of the 
harder gneisses. The disintegration of these gneissic outcrops being 
comparatively slow the landslips are of an intermittent nature de¬ 
pending on the rate ot weathering of these harder gneisses. At¬ 
tempts should therefore be made to protect these more resistant 
rock outcrops, so as to keep the intervening slopes of softer rock 
stable for a period sufficiently long of permit to the proper affores¬ 
tation of the slide and the neighbouring slopes. Considering the 
denseness of the jungles of the division the importance of this 
factor is very considerable. Measures to further the stability of 
the harder outcrops might be in the form of stone pavements and 
revetments ; or, in those cases where the exposures in both harder 
and softer rock are sufficiently sound, a low dam across the stream 
is suggested by Mr. Gee as likely to yield better results. 

In the case of the shales and phyllites similar methods might be 
used where any resistant outcrops of quartzite or sandstone oour 
In other instonces, however, m order to prevent effectively the 
continuance of the slipr the protection of the main drainage 
ohannels through a considerable distance would be necessary. In 
any case the afforestation of the more stable portions of the slide 
and of the neighbouring slopes should be carried out, and cattle¬ 
grazing disallowed. 

In the case of the landslides of the Gondwana areas, outcrops 
of resistant silioified sandstones sometimes occur, but their strength 
is discounted by the jointing which characterises them. In the 
Pugo Landslide any such rocks have been so shattered that they 
offer little opportunity for protection, and afforestation, wherever 
possible, appears to be the only practical solution. 
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Mr. Gee has gone into the whole question with commendable 
care and submitted a useful report which the Government of Bengal 
has published. 

Galeha* 

See Lead. 

Gold 

Mr. Vinayak Rao reports that an adit driven by a prospector 
into the low hill west of Kuditanapalli village shows a quartz reef 
about 4 feet wide at the entrance and widen- 
Mataul! ArC ° t *** Ct 1 ou ^ * n cross-cut about 200 feet further 
on. The adit has been abandoned owing to the 
low percentage of gold. 

Major Ounnynghame-Hughes is stated to have found gold at RoheTa 

(24° 37' : 73° O') in Sirohi State, Rajputana. Mr. Coulson inspected 

two old pits about 2 miles north-north-west of Rohera but could find 

no trace of either gold or pvrites. He was given 
Sirohi State; Ra|- ., * , t 6 

pataua. a specimen said to have been taken from one 

of the pits about 25 years ago, but it contained 

only the following minerals:—pyrite associated with a little 

chalcopyrite, quartz, muscovite, gillimanite and accessory apatite. 

Graphite. 

A very small quantity of graphite was observed by Sub-Assistant 

„ ., * a § a B. B. Gupta in a vein intersecting gneissose 

Yaraethin district ; «i -i £ o t» 

Burma. granite m the stream-course 2$ miles E. 8. E. 

of Yeu, in the Yamethin district of Burma. 


Iron. 


Hsematitic iron ore wag found on the hill 1 mile 5 furlongs S.E. 

of Kundaw in the Yamethin district of Burma. 

' The ore appears to have originated from a 
metasomatic replacement of the quartzites, and 
is associated with galena. 

Mr. Coulgon notes that iron ores have been recorded in the 
Bundi State, Rajputana, from Loharpuia (25° 28': 75° 42'), Bhai- 
ronpura (25° 31': 75° 45'), and a second village 
jmiSS 1 SU<e 5 Ra| ’ Loharpura (25° 33': 75° 58'). The ore 

pccurs at the junction between the jJhiri shalep 
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and the Upper Rewah sandstone. In the Gwaliors old mines occur 
at Umar (25° 41' : 75° 30'), Khenia (25° 20': 75° 25'), Narenpur 
(25° 28': 75° 32') and Datunda (25° 27': 75° 30'). The ore 

consists of impure limonite and haematite derived from solutions 
accompanying the reef-quartz. The supply and quality of the ore 
is totally insufficient for modern purposes. 

In the remote past large quantities of iron weic extracted from 
the highly ferruginous quartz breccia which is of common occurrence 
. d i among the rocks of the Jahazpur and Sabal- 
pataruu' * *" pu*a areas in the Mewar State of Rajputana. 

The workings have long been abandoned on 
account of the comparative cheapness of imported iron. There are 
still immense quantities of the ferruginous breccia in situ , but the 
extraction of the iron must necessarily be unprofitable in view of 
the dearth of fuel for smelting. Wood was used in days gone by, 
but the amount now available is quite insufficient for the purpose, 
and Mr. Bradshaw, who visited the areas, considers that there are 
no immediate prospects of successful economic development. 


Kaolin. 


The exploitation of the china clay E. of Indawgyi in the Let- 
kakwe Stream about 6 mile* t,outk of Myohla in the Yamethin 

district of Burma (Rec. Geol . Surv. Ind. y 
Yamethin district ; i t i i a t k\ t, , j 

0 Urnia . vol. LJ, pp. 14-15) lias not proved commer¬ 

cially successful. 

Kaolin in small quantities was noted near Kuditanapalli about 
2 miles north of Gudupalli railway station 
in the North Arcot district. 

Mr. Coulsoq found kaolin at Manak Chok (25° c3': 75° 57') 
in the Bundi State, Rajputana, at the junction of the Jhiri 
„ „ , shales with the Upper Rewah sandstone. It 

putana. was of very poor quality and economically 

worthless. 


North Arcot, Madras. 


(See Sillimanito.) 


Kyanite. 
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Lead 

During the latter part of June 1926 Mr. E. L. G. Clegg 
was deputed to examine an' area in the Mawson or Bawzaing 

State of the Myelat division of the 
Southern Shan States. gouthem ghan gtateB and ^ coUect 

of lead ore and lead slag from the locality. The area has been 
previously described by E. J. Jones 1 and C. S. Middlemiss 8 , and 
Dr. Coggin Brown has recently summarised their reports. 3 It 
consists of rocks of the Plateau Limestone formation, a series of 
dolomitic limestones, probably of lower Palaeozoic age, having inter¬ 
calated in them lenticular arenaceous beds grading into purple 
shales. The limestones are slightly fossiliferous but no specifically 
identifiable forms have as yet been extracted from them. The 
dip of the limestones varies and, although a south-westerly one 
prevails, in many localities the limestones are seen to be almost 
horizontal. 

The area is at present under development by Messrs. Steele 
Bros, and the Shan States Silver Lead Corporation; two mining 
leases however are still held over small areas by local inhabitants. 

Mining was originally carried out by Chinese and Shan miners 
and the lines of old workings which are reputed to be more ancient 
than those of Bawdwin in the Northern Shan States, cover an exten¬ 
sive area and run in a direction 10°—15° W. of N., the general 
strike of the geological features of the Shan Plateau. Mineralisa¬ 
tion has apparently taken plac* in a series of more or less parallel 
and intersecting veins, fissures and joints along this strike and can 
be traced southwards for a distance of more than 33 miles. 

In one old working which Mr. Clegg examined half a mile S. W. 
by S. of the village of Pakin, the occurrence of galena in yellow 
clay approximates to that of an irregular stock-work, whilst in the 
Bawsaing Mine of the Shan States Silver Lead Corporation the ore 
occurs as an elongated and irregular lenticle replacing what seems 
originally to have been shattered and brecciated limestone. 

Silver was the only mineral in which the ancient Shans and Chinese 
had any interest, and in various localities, in which smelting was 
carried out, are quantities of lead slag in which the percentage of 


'Bee. G ot. Surv. lad Vol. XX, pp. 191-194. 

*Qtn. R>p. Qcot. Surv. lnd. t 1889-^1900, pp. 122-163. 
* Rfc. GtoU Surv Ind Vol. LV1, pp 90-91 
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lead runs as high as 43. The slag is disseminated through the soil 
cap and is at present being exploited by Messrs. Steele Bros, who 
ship it to Europe as an ore of lead. 

The following analyses of concentrated ore from the Bawsaing 
Mine of the Shan States Silver Lead Corporation and of slag from 
the localities cited were earned out in the laboratory of the Geological 
Survey of India : 

Localities. 


A. Lead slag from 1 mile west of Pakin. 

B. lie ad slag from YwahAung village. 

C. Lead slag from J mile east of Tethein village. 

D. Lead slag from Naung Lwe. 

JjJ* 1 Lead slag from bags in Messrs. Steele Bros.’ godown at Heho. 

F. ) 

G. Lead ore concentrate from the Bawsaing mine of the Shan States Silver Lead 

Corporation. 

Lead slags. 


Dry Assays . 


A 

B 

C 

D . 

E 

F 

Average 35-79 


1 . 2 . 


Per cent. 

Per cent. 

40*36. 

40 10. 

3700. 

35*56. 

41*18. 

39*56. 

23*04. 

24 38. 

36*50 

36*26. 

38*22. 

37*28 

r cent, of lead. 



A 

B 

C 

D 

E 

F 


Wet Assays, 

Per cent. 

. 40 83. 

. 38*375. 

. 39*837. 

. 24*319. 

. 37*68. 

. 36*344. 

Average 36*247 per cent, of lead. 


G . 


Ore concentrate, Bawsaing Mines. 

Dry Assays. 

1 - 2 . 3 . 

Per cent. Per oent. Per oent. 
. . . . 70*04 7012 69*76 

Average 69*97 per oent. of lead. 
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Wet Assays . 

G. . 72*575 per oent. of lead. 

Silver in oz. per ton, 

1. 2. 3. 

15*626 15*05 16*190 

Average 15*287 oz. per ton of ore conoentrate. 

The analyses of slag call for some comment as it will be seen 
from the tables that, whilst that from one locality yields only 
24 per cent, lead, all the other localities show percentages of 36 
and over. This probably explains the greatly varying analyses 
which Messrs. Steele Bros. Ltd. have experienced in successive 
shipments to Europe, and it appears as though a systematic sampling 
of the lead slags from the various collecting localities in the area 
would greatly benefit the exporters, since at present a shipment of 
lead slag having a high lead content is purely fortuitous. 

Galena has been obtained in quartz veins intersecting the Chaung- 
Yamethin district ; Magyi series in the following localities in the 
Burma. Yamethin district of Burma :— 

1. nrles E. S. E. of Dathwe. 

1’. 3J m les N. E. of Sedo in a tributary of the Mellang Chaung. 

3. 2| m les N. E. of Kyatpye; this is not in situ , but the parent 

rock is probably 1 fur'ong S. E. of A 2641. 

4. miles E. S. E. of Yeu in a granite vein in the stream- 
course ; this is not in situ . 

5. On the hill 1 m le 5 furlongs S. E. of Kundaw ; in associa¬ 

tion with iron ore. 

In the first locality Sub-Assist ant B. B. Gupta notes that the 
vein is about 10 feet and in the second about 12 feet wide. Traces 
of silver were present in the ore from the first locality. 

.Limestone. 

Limestone is quarried for building purposes from the hill 2 miles 
85° E. of N. from Taungbotha in the Yamethin district of Burma. 

Yam thin district • ^ * 8 Ascribed by Sub-Assistant B. B. Gupta as a 
Burma. ’ medium-grained greyish limestone sometimes 

interbanded with white, rather co^rse-giained 
crystalline limestone. It contains nearly 15 per cent, of magnesium. 
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The Lower Bhander limestone in Bundi State, Raj pu tana, 
is the stone used by the Bundi Portland Cement Works. It gives 
ftandl State • an a( ^ ra ^^ e cement and certain beds are well 
Raifutana. ’ suited for lime. The Upper Bhander lime¬ 

stone, in Mr. Coulson’s opinion, offers great 
possibilities for economic development. 

The limestones of Sirohi State, Rajputana have considerable 
economic importance. At present, those in the neighbourhood 
of Abu Road are being developed. Numerous 
putana. ** ’ *" lime kilns can be seen around Murthala (24° 

31' : 72° 51') and the lime is railed to various 
localities. The stone is also used for building purposes and for 
railway ballast. 

According to Mr. A. L. Coulson the quality of the limestones 
varies greatly and intrusive rocks have greatly deteriorated their 
value. Where a product of commercial purity is needed, impuri¬ 
ties such as biotite, quartz, etc., would probably prevent their 
application for the manufacture of cement. 


Sirohi 

putaua. 


Mica. 

Mr. Coulson records a pegmatite containing 

si 7P.. hi 

State ; Raj 


muscovite of fair 
size, but too small and of too poor quality to 
be worked, 2 miles east of Sahela (24° 47' : 73° 8') 
in Sirohi State, Rajputana. 


Petroleum. 

With regard to the prospects of obtaining oil in the parts of 
M in ai and Meik Myingyan and Me kti a visited by Mr. Barber, 

tila districts ; Banna. it is thought that any of the less broken anti¬ 

clines in the Pegu series might prove produc¬ 
tive, but on the whole the prospects are not good. In the absence 
of satisfactory palaeontological evidence it was found impossible to 
refer these deposits to any exact horizon in the Pegu series, but they 
appear to be more estuarine in character than the productive rocks 
of Yenangyaung and other areas. The Lebya and Myinthadaung 
anticlines are much faulted, and therefore unlikely to prove pro¬ 
ductive, while many of the more favourable structures have been tested 
by various companies, so far without success. 


x 
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Pyrites. 

In association with galena, iron pyrites in appreciable quantity 
was found by Sub-Assistant B. B. Gupta 3J miles 
Burma? ^ * tr Ct ' N. E. of Sedo and also at a place 2| miles N.E. 

of Kyatpye in the Yamethin district. 

In the Forest Reserve, about 2£ miles south of Tanniar bungalow 
in the Polur taluk of the North Arcot district, a thin band of dark- 
looking fine-grained rock was found by Mr. 
Vinayak Rao among banded quartzites of the 
Dharwar system. Chamockites are found to the 
east of this, and the older gneisses to the west. An analysis by 
Mr. Y. S. Rajagopalan has yielded the following result:— 


North Arcot district 
Madras. 


Moisture 
SiO, . 

Al,Oj . . . 

Fe 

Fe.O, . 

SO, . 

s 

MgO . 

CaO . 
Mn&Ni . 
Undetermined 


3-40 

10-35 

1-66 

21-77 

19-32 

5-30 

25-10 

*94 

Trace 

Tracen 

3-10 


100-0 


Saltpetre. 

The sandy soil from the foot of the hillock 3 furlongs west of 
Sagyin in the Yamethin district of Burma on being analysed was 

^ # found to contain potassium nitrate. It is 
Yamethin district; , 

Burma. reported that it appears on the surface as an 

efflorescence in certain seasons of the year, but 
when Sub-Assistant B. B. Gupta visited the locality no efflorescence 
was met with. It is reported to have been extracted from the soil 
and used during the Burmese war for the manufacture of gunpowder. 
Our attention was drawn to it by the Subdivisional Officer of Yame¬ 
thin, Mr. K. M; Yin, who sent Mr. Gupta a sample of soil from 
Yindaw (20° 43'; 93° 66£') in the same district which also contained 
potassium nitrate 
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Silica Sand. 

A mile south of* Baiodhia (25° 29': 75° 37') in Bunch State 
Rajputana, a grit has been noted which crumbles to a sand on the 
, application of very slight pressure and which 

putana. might be utilized for the purposes of glass 

manufacture. 

Sillimanite. 

During a mineral reconnaissance of Bamra State, Bihar and 

Bamra State* Bihar Orissa, ^7 Mr. H. Cecil Jones and Dr. Krish- 

and Orissa. * nan, some bands of kyanite-sillimanite schist 

were discovered and may prove of economic im¬ 
portance, but until large samples of the material have been tested 
practically it s not possible to obtain an idea of its value. From 
a microscopic examination of the material some of the bands ap¬ 
pear to be fairly pure. These schists occur in two widely separated 
areas, both of which are at long distances from a railway ; the 
latter fact may prove a serious objection to their being of econo¬ 
mic value at the present time. One of these deposits was found 
by Mr. Jones near Pals ima (21° 17' : 84° 55') and the other was 
found by Dr. Krishnan near Balram (Ballam) (21° 32' : 84° 52'). 


44 Soap Sand.” 

Sapya or Sand Soap was observed in the Meiktila, Myingyan and 
Sagaing districts, occurring as an efflorescence over the softer sand¬ 
stones of the whole area. It is collected locally 
r for use as a soap, and is composed mainly 

of sodium hydroxide and calcium carbonate. 


Steatite. 

Steatite was found in small quantity in the limestone on the 
hill 2 miles E. of Taungbotha in the Yamethin district of Burma. 

It is supposed to have been derived from the 
^ Barms? • magnesium carbonate, which the limestone con¬ 

tains. The quantity so far obtained is not pro¬ 
mising from an economic point of view. 

£ 2 
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Mewar State ; Ra] 
putana. 


In the Jeoria village (25° 26': 75° 5') area, about one mile north 
of Kakralio (26° 24': 75° 6') good steatite is mined on a small scale. 
The country rock is a buff, dolomitic limestone 
dipping north at 80°. Just north of the mine 
there is a low hill of buff chert, probably derived 
from siliceous replacement of the limestone. The occurrence, accord¬ 
ing to Mr. Bradshaw, is more in the nature of a pocket than a vein, 
and occurs at the junction of the limestone with the chert. The 
pocket is about 50-60 feet broad, and has been worked, by an open 
cut, to a d^pth of ab mt 40 feet. The overburden is negligible. The 
first-grade material consists of a pure, pearly-white rock ; the second 
grade is blotched with grey ; the rest is dark and unsaleable. The 
output of the mine was from 50 to 60 maunds per diem. Of this 20 
to 25 maunds are of first grade and the rest second-grade material. 
The third-grade is not included in the daily output. Operations were 
discontinued during the monsoon of 1925. 

In view of the mode of occurrence, the body is not likely to be 
continuous for any distance; on the other hand, there is the 
possibility of the occurrence of steatite in 'any place where the 
ferruginous limestone is both dolomitic and siliceous. Th ‘ steatite 
is of excellent quality, and has distinct economic possibilities. The 
mine is about 22 miles Lorn Bhilwara Railway Station. 


Tin. 

Many tin mines are worked in the sheets of the Mergui district 
surveyed by Mr. Sethu Rama Rau, and are distributed in two 
areas, one on the mainland comprising the 
Bunna. U * #tfCt * tin mines of Karathuri, Klong, Banhuni, Klong 
Yung, Klong Nam Noi, Pre Sai, Klong Lama, 
Klong Sai Den, Maliwun, etc., and the other in the islands fringing 
the coast, the most important mines of which are in the islands 
of Lumpi and Pulo Bada. 

On the mainland the tin ore is obtained from alluvial flats, the 
ore being derived from tourmaline-muscovite-cassiterite pegmatites, 
and cassiterite-bearing quartz veins closely associated with bosses 
of granite and pegmatite lenticles ; in the islands it comes from 
cassiterte-iron-oxide-bearing quartz veins. Mr. Sethu Rama Rau is of 
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the opinion that the following areas might be advantageously 
prospected :— 

(1) The whole belt of country from the source of Klong Nam 

Noi—Pre Sai in survey sheet 96 T J T northwards to Kadin 
at the source of Kyaukpon Chaung in sheet 96 

(2) The alluvial flats north of Bankachon from mile 16 to mile 

18 on the Victoria Point—Maliwun road. 

(3) The country adjoining the Kayang area in Lumpi island. 

(4) The north coast of Pulo Bada island. 


Water ( see also Engineering Questions). 

Mr. J. A. Dunn was asked to report on a new well site at Hinu 
4 miles from Ranchi. The present pumping station and well are sup¬ 
plying water to the Hindu Clerk's Quarters belonging to the Secre¬ 
tariat. and to the Accountant General’s Office. 
Q r | m# A considerable increase m the number of budd¬ 

ings in these quarters is proposed, and water 
will also probably be required for the adjacent Duranda Residential 
Staff quarters. 

The present well on the south bank of the Bhusur (or Pundag) 
Nadi, just north of Hinu village, is inadequate even for present 
purposes durirg the dry season, and the consumption of water has 
to be restricted To increase the supply a channel or drain 
has been built from the side of the well diagonally across the stream 
bed on the granite bottom, so that the seepage in the stream-bed 
may be added to the well. 

Some 200 yards to the west of the well and at a sharp bend 
in the stream, is a bar of granite-gneiss across the river. The 
river bed on the well side, or to the east of this bar, is about 8 feet 
below the bed of the stream on the upstream side, a considerable 
drop for this small stream. In the dry season, therefore, the water 
in the deep sand of the stream-bed above this bar is held up and 
there is very little seepage through the bar to the bed of the stream 
below. To the east of the well there are also a number of granite 
outcrops in the bed of the stream, so that in the dry season the well 
is really drawing water from the very short and narrow basin of 
sand in the stream below the bar. The result is that the sujply of 
water in this well in the dry season amounts to little mor than 
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what is held in the sand of this short stretch of stream-course aftei 
the surface water runs dry, plus any additional water that may seep in 
from the surrounding fields. The depth of this sand ranges up to 
8 feet. 

On investigating the stream-bed immediately above the granite 
bar, Mr. Dunn found that at the sharp bend the stream had at 
one time cut quite deeply along the south bank, and that the bed 
here was filled with sand down to at least 8 feet, and saturated 
with water. A deep channel saturated with water could be traced 
upstream either in the centre of the stream-course or towards the 
south bank, but the deepest point was clearly at the bend immediately 
above the bar. The well should accordingly be sunk on the south 
bank at this point and a drain run out from the side of the well 
into the river, as has been done in the case of the present well. 
It will be possible to pump this well from the present pumping station 
by means of a pipe line. 


For many years attention has been given to the subject ol the 

amelioration of the water shortage at Chalisgaon Railway Station, 

Great Indian Peninsula Railwav. In spite of 
Inallggaoft ; Bombay. ^ & ^ expendit ^ re of time and 

money, the supply of water for railway purposes still remains 
unreliable and insufficient, and at present water is being bought 
from the possessors of good wells a mile ot so aw r ay from the 
station. 


About five years ago, a dam was built across the Ar river just 
below the double loop near Warthan (or Wulta) seven miles south 
of Chalisgaon. Owing partly to lack of sufficient geological informa¬ 
tion at that time, the dam, although established on a solid rock- 
foundation in the stream-bed, failed to secure rock or even im¬ 
pervious material for the foundations of its abutments. Wing 
walls were, subsequently, carried 300 feet on each side into the banks. 
But even these failed to find rock at a level above the stream-bed. 
The material encountered was invariably conglomerate, gravel or 
open-textured debris, highly calcareous, irregularly bedded and 
exceedingly porous, and ranging from 20 to 40 feet in thick¬ 
ness. 

As Dr. Fox, who has been in charge of these investigations, re¬ 
marks, it is not surprising, therefore, that leakage takes place round 
tin ends of the wing walls. Some of this seepage water finds its 
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way back to the Ar river below the dam—often in copious springs 
just below the dam. A far larger quantity of this infiltrating water 
simply disappears into the thick alluvial debris and, gravitating 
along its conglomeratic basal zone, eventually emerges far down 
the valley into the various streams which converge on Borkheda. 

Water, as a gravity supply, is available from the Warthan re¬ 
servoir, after a good monsoon, up to the end of March. From 
the middle of April to the next refilling of the reseivoir, no water is 
passed down the pipe line. Recent measurements below, the dam 
show that there has been a diminution in the leakage from around 
the wing walls of the dam back to the Ar river. Hopes are enter¬ 
tained that the silt carried into the alluvium by the infiltrating 
water is slowly sealing up the interstitial spaces and thus improving 
the water-tightness of the basin, but there are reasons for believing 
that leakage channels are enlarging in other directions. In spite of 
the good rainfall in 1924, the reservoir became so depleted by April 
15th in 1926 that no w^ater could be passed into the pipe-line. This 
is not the only evidence indicative of a marked deflection of the 
sub-soil drainage since the dam was built. Previous to the building 
of the dam there was a fair hot-weal her stream-flow in the Ar 
(Dongii) river at Chalisgaon. This evidently represented sub-soil 
water under the bed of the stream which had been caused to emerge 
by the outcrop of rock across the rivei below Chalisgaon. The 
hot-weather flow must have then been sufficiently attractive to 
justify the expense incurred in building the head-works and cutting 
the canal which a few' years ago irrigated the tract west of Patunda. 
Dr. Fox notes that since the dam and its wing walls were built, 
the sub-soil seepage has been deflected into the main mass of the Ar 
alluvium, and the Biream-flow at the head-works of the Takli canal 
reduced to a mere trickle. As a result, the Takli-Patunda iniga- 
tion scheme has been overtaken by disaster, and the w orks have been 
allowed to fall into disrepair for lack of w T ater in the hot months. 
It may take several years more for the alluvium to absorb all the 
water it can hold before the 9 tream-flow at Chalisgaon regains its 
past^ volume. It is possible that, with the increased height of the 
ground water level in the alluvium at Warthan, the seepage water 
may emerge elsewhere and not back into the Ar valley. In the 
circumstances, Dr. Fox is disinclined to suggest further experi* 
ments at the Warthan dam for at least 10 years. 
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The alluvium discovered in founding the Warthan dam is now 
known to be extensive. It stretches northward to beyond Chalip- 
nAIJ A(i , gaon and spreads into the valleys of the Titur 
and Utvali. Its thickness does not appear to 
be more than 40 feet, but this dimension has not been tested at 
many places. Jt appears to be thickest on the watershed between 
the Titur and the Ar. It is almost entirely absent from the bed of 
the Titur and it is thin or wanting in the stream-course of the At. 
The basal layers, wherever uncovered, at the Warthan dam, at the 
confluence of the Ar with the Titur, etc., are usually a conglomerate 
composed of basalt nodules and rounded geodic fragments set in a 
calcareous matrix. Above this are irregularly bedded layers of 
gravelly kankar and calcareous gritty clays—all highly porous. 

It is peculiar that this alluvium ends rather abruptly on a line 
parallel to and south of the course of the Titur. From the Titur 
northward amygdaloidal basalt and other types are exposed, and 
the ground rises steadily to the watershed on which the railroad 
runs north-eastward fiom Rohini through Chalisgaon to near Galna. 

The occurrence of basalt close under the stream-bed at the 
Warthan dam and its appearance at the confluence of the Ar with 
the Titur suggests that the trap surface slopes northward. An 
exposure of bedded alluvium near the “ 6 ” of 1076 on the west 
tank of the Ar at Chalisgaon (see 1-inch Survey sheet No. 46, p. 3) 
shows a dip of 10° to the south-west. From occasional, though poor, 
exposures, Dr. Fox was led to believe that the traps also dip gently 
m this direction. 

Two jears ago, Rao Bahadur M. Vinayak Rao made a hurried 
geological examination of the country around Chalisgaon and located 
a well on the watershed between the Ar and the Titur rivers within 
a mile of their confluence. At present, water iB being pumped 
from a private well, Narayan Bankat’s well, in this vicinity. At 
about the same time, 1923, the services of a water diviner were ob¬ 
tained with a view to fixing a site for a railway well. Three sites 
were suceeseively chosen. In No. 1, an existing well known as 
Ebrahim’s well, on the high ground half way between Kotegaon and 
the Titui, 30 feet of alluvium had been proved. The well was deepened, 
still in alluvium, and an infiltration heading driven from the bottom. 
A pumping test showed the well to have a slow recovery. On No. 2, 
Bearer to the Titur and close to the pipe line, a new well was dug to 
a depth of 33 feet entirely in alluvium ; the recuperative test was 
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most unpromising. -No. 3 site, etill closer to the Titur and beyond 
the pipe line, wae near the margin ot the alluvium. A well sunk 
here encountered 16 feet of alluvium, and then struck Trap ; it was 
carried down to a total depth of 48 feet, but the recuperative test 
was disappointing. 

Prom the straightness of the Alluvium-Trap boundary along the 
south side of the Titur riveT, it is permissible to suspect a fault or 
at least a somewhat steep bank along which a buried ptream-courfe 
may be conjectured. The greatest quantity of underground water 
would be tapped if this stream-course could be “ hit ” by a well 
or boring. The best line for getting this result would be along the 
line of the watershed between the Titui and Ar rivers which is the 
line suggested by Mr. Vinayak Rao. 

In the circumstances, Dj. Fox considers it worth while putting 
down two or three bore-holes southward from No. 3 site to prove 
the depth of the alluvium and the outline of the rock surface. If 
the data indicate the presence of the supposed “ bank ” Dr. Fox 
recommends a heading to be driven for some distance from the 
bottom of No 3 well and a charge of dynamite exploded to open 
up the fissures. If no such bank or irregularity in the tw/ra-alluviol 
rock surface be demonstrated, a deepening of No. 2 well is recom¬ 
mended. 

Had there been no restrictions of any kind, Dr. Fox would have 
chosen a site exactly between Narayan Bankat’s well and the con¬ 
fluence of the Titur and Ar livers for the first bore-hole, and would 
then have put in a line of holes 30 feet apart on a south-east to 
north-west alignment towards each stream. From the section thus 
obtained the deepest place in the alluvium wruld be the best in this 
neighbourhood. Experiences at Bhusawal. Akola and other places 
are enough to explode any hope of artesirn water from deep borings 
in the Trap in quantities which are likely to be attractive. 

As a result of Dr. Fox’s investigation and report m 1923, the 
Panjhan River (Gravity) Project was abandoned. Search furthu 
away from Manmad has since failed to dis- 
ma , om y. cover a Stable site for a storage dam from 
above which the impounded water could be rim as a gravity supply 
to Manmad. 

In consequence of the urgency for a satisfactory supply of wain 
for engine purposes in Manmad, it has now been decided to re- 
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oonsider the question of obtaining watei by pumping. A pumping 
scheme had, several years ago, been suggested in connection with 
the building of a dam on the Sakhi river. The site lies 11 miles 
east of Manmad, just half a mile south of mile 171 on the main line, 
and at an elevation of roughly 250 feet below that of Manmad. 
The distance and the 4 4 head ” were unattractive factors. It was, 
however, estimated that a 60-foot dam, if built in the gorge imme¬ 
diately above the village ot Mandwar, would secure a catchment of 
nearly 34 square miles, on which the rainfall would be about the 
same as that at Manmad-—22 inches annual average. 

Recent surveys and gaugings have shown that a 60-foot dam 
above Mandwar would enclose a reservoir basin having a storage 
capacity of over 1,400 million gallons. Allowing the top 5 feet 
depth for losses by evaporation and absorption—a volume equal to 
350 million gallons — the available supply from the reservoir would, 
theoretically, be upwards of 1,050 million gallons. The estimated 
demand for Manmad is less than half a million gallons a day, giving 
a total of barely 150 million gallons a year, so that the water 
impounded would be equivalent to a several years supply for Manmad 
from a single filling of the reservoir. 

In view of the possibility of such an abundance of water, and 
the fact, newly emerged, that the cost of pumping by modem plant 
is not unduly heavy, the Sakhi Scheme has much to be said in its 
favour. It is understood that water impounded at Mandwar 
would be utilized as a gravity supply for Nandgaon, six miles down 
the line. It is thus evident, that if the estimated quantity could be 
secured by the dam, a gravity project for an additional 
quarter million gallons a day, could be established for 
Nandgaon. 

In addition to these considerations, it is hoped that, in the near 
future, the Railway Electrification Scheme, now being extended 
inland from Bombay, will be carried as far as Nandgaon. If this 
be done, and the Mandwar dam actually impound the calculated 
volume of water, it will not be necessary to water locomotives at 
Manmad. All engines requiring water could draw their supplies 
at Nandgaon. The present water-supply of Manmad would, per¬ 
haps with a little deepening of the existing reservoir there, be 
sufficient for the projected needs of Manmad under the remodelling 
soheme. The pumping plant at Mandwar could be dismantled as 
the whole of the reservoir water would be available as a very satis- 
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faotory gravity supply for the then greatly increased requirements 
of Nandgaon. 

From what has been conjectured it is evident that the Sakhi 
River scheme is worthy of a detailed examination from the meteo¬ 
rological and the geological aspects. For this purpose 
Dr. Fox was deputed to revisit the area and submit a further 
report. 

The determination of the rainfall and its range of fluctuations, 
the estimation of evaporation losses, and the measurement of the 
run-off flow from the catchment, are being carried out by-the engi¬ 
neers of the Great; Indian Peninsula Railway. 

The average annual rainfall for Manmad (period 1890-1919) 
was 22*12 inches so that the rainfall for 1924, i.e 23-67 inches is 
about the average. The erratic nature of the rainfall in this region 
is well known, heavy falls being precipitated in full view of places 
quite unaffected. This capriciousness may explain the lower rain¬ 
fall on the Sakhi catchment which is usually not much more than 
16 inches. 

From the figures which were obtained in the stream gauging 
operations, the actual run-off discharge for the catchment is 192-120 
XG-25 =1,200-75 million gallons. This quantity, if it can be stored, 
would be amplo for the needs of Manmad and Nandgaon, calculated 
at l and \ million gallons a day respectively, for 21 months (638 
days). The supply for this period would be 480 million gallons 
leaving some 720 million gallons over to meet losses by evapora¬ 
tion etc. for two years. As it is improbable that the “ Rains ” 
would fail absolutely for two successive years the project seems 
assured from the meteorological aspect. 

In the event of two or more successive years of normal or good 
rainfall the reservoir must overflow to discharge the surplus water. 
This flood or storm water is, it is understood, to be dealt w r ith partly 
through a spill-way to the east of the dam, and partly by a cascade 
over the dam. The question of scour in the thick alluvium just 
below the dam is one of the questions to be considered in the geolo¬ 
gical aspects of the scheme. 

Dr. Fox reports that throughout the area under consideration 
from Manmad to Rohini, there is generally only a thin covering 
of soil, except locally in stream-beds and banks. The ground 
slopes quickly from the Ajanta scarp and then flattens for a consi¬ 
derable distance from Mandwar. The undeilying lock on the 
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catchment is bedded, soft, amygdaloidal and vesicular basalt. It 
is only on the higher grounds such as that on each side of the gorge 
at the site of the dam that fissured doleritic basalt is clearly 
seen. 

The above considerations would lead to the conclusion that the 
rocks of the catchment are more or less impervious. However, 
these partially decomposed traps absorb water and heat so that 
evaporation looses from the land surfaces must be large. As a result 
of ohese factors, light showers of rain, aggregating less than one inch 
in 24 hours, might be entirely lost by evaporation and absorption, 
except when the rate of precipitation is rapid. 

In Dr. Fox’s opinion the allowance of the top 5' feet depth of 
the full reservoir should be enough to meet the evaporation and 
absorption losses from the water-spread, i.e., when the reservoir 
is filled. The water-tightness of the basin, so far as can be seen, 
appears to be good, but in so important a scheme caution is desirable 
and the basin should be tested with trial pits. 

It is imperative that the trench on tTie line of the dam should be 
laken down to solid rock so that the dam may have this material 
for its foundation throughout. Dr. Fox thinks that rock will be met 
with at shallow depths in the sides of the gorge. Clay may possibly 
be found in digging the foundations of the dam, and the temptation 
to remove it for use in the dam may arise. The temptation to 
remove this clay need not arise if the dam is built wholly of masonry. 
An earth-dam with a masoruy core wall is seldom as water-tight aa 
an earth-dam with a puddled clay core wall. The last type is im¬ 
practicable because to obtain suitable clay the coimtry side for a 
radius of 10 miles would have to be painstakingly scraped of its Hack 
cotton soil and dark red clay. 

As regards the flood discharge, even with a masonry dam, there 
will be heavy scouring in the deep, soft alluvium below the dam if 
a big flood is passed. The saddle and lateral valley to the east 
are suggested as natural features suitable for a spill-way for all 
flood and storm water from the reservoir. 

Owing to the short steep slopes on the scarp of the Ajanta Hills 
to the south and the low gradient of the stream-beds after tb«v leave 
the hills, most of the silt will probably be deposited above the actual 
reeervoir basin and silting will be trifling in the reservoir itself. 

As regards the safety of the dam from displacements due to fault* 
movements or earth tremor?, there seems little to fear. 
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Careful scrutiny in the vicinity of the dam site failed to discover 
any evidence of faulting which might affect the water tightness of 
the reservoir. 

If reasonable care is exercised in building the dam, the scheme 
should prove successful as regards efficiency of storage. According 
to Dr. Fox it would be difficult to find an equally attractive site 
anywhere else in this region, except perhaps one for a bigger scheme 
on the Maniad River south-west of Pimparkhed Station. 

During November and December 1924, Mr. W. D. West visited 
the Ahmedabad district and Kathiawar, in the Bombay Presidency, 
in order to examine the cores obtained from 
tWaw?rf ft Bombay! four borings put down for purposes of water- 
supply. Thej were situated as follows:—(1) 
Dhandhuka, in the Ahmedabad district; (2) Botad, in Bhavnagar 
State; (3) Jamnagar, in Nawanagar State ; and (4) Satapur Bridge, 
near Dhrangadhra, Dhrangadhra State. 01 these the Dhandhuka 
hole had passed through 292 feet of alluvium and 921 feet of Deccan 
Trap lavas, making a total of 1,213 feet from the surface : the Botad 
boring had pierced 501 feet of Deccan Trap lavas : the Jamnagar 
boring 781 feet of Deccan Trap lavas and the boring 
at Satapur Bridge 538 feet of Upper Gondwana sandstones 
with some carbonaceous beds, followed by 7 feet of dolerite, pre¬ 
sumed to be a sill. Details of the rocks examined will be reserved 
until the completion of these borings : but it may be mentioned 
that the Deccan Trap lavas are all of basaltic composition, those 
from Dhandhuka and Jamnagar being mainly of ordinary types, 
whilst those of Botad are of an unusual type, being rich in fresh 
phenocrysts of olivine and augite, usually to the exclusion of pheno- 
crysts of felspar. Some plant remains were collected from the 
carbonaceous beds of Satapur Bridge. 


As in all cases on rocks of the Pegu and lrrawadian series the 
water-supply question in the Meiktila, Myingvan and Pakokku 
U er Burma districts of Burma, presents insuperable diffi¬ 
culties. No satisfactory scheme is possible 
for providing a really adequate water-supply from tube wells owing 
to the underground water being charged with magnesium and 
sodium salts. Where the alluvium is thick, and the thickness can 
‘only be surmised at best, shallow tube wells may give a fairly good 
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supply but the location of such wells can only be arrived at by a 
process of trial and error. In the jungle, sweet and potable water 
can generally be obtained from wells sunk in the alluvium of river 
valleys or from wells sunk at the lower end of a stretch of paddy 
fields. This the local inhabitants are generally aware of and in all 
the cases in which the villagers called Mr. Clegg to their aid, he found 
that they had previously tried all the likely locations which he pointed 
out to them. Deep borings are useless as the water of both the 
Pegus and Passage Beds, and also of the Irrawadian is frequently 
saline and sulphatic. On the more shaly Pegu rocks open tanks 
sometimes provide the village supply, wells being sunk where pos¬ 
sible in the low ground below the outlet end, the band then acting 
as a filter, but as this is only run-off water, it cannot naturally be 
relied on to any great extent. 

The same conditions as the above apply to the whole of the dry 
zone of Upper Burma, and th\i only aid the geologist can give is to 
point out areas covered by alluvium and enjoin the local inhabitants 
to make shift as best they can by a process of trial and error, the 
relatively lowest ground being first essayed. 


Mr. JJ. B. Gupta suggests two alternative schemes for the water - 
supply of Yamethin town: (1) the sinking of wells at Kadaung, 

Yamethin Burma. a v ^8 e some miles S. of the Railway station, 
and (2) the utilisation of the water of the fall 
2\ miles N. B. of Yeu. In both cases the water would have 
to be carried to Yamethin by pipe-line. Deep tube wells are not 
likely to be successful in the town of Yamethin where the Irrawa¬ 
dian formation is suspected to be present at no great depth. 


In the Pench valley in the Central Provinces the village water- 
supplies are obtained from the main rivers which drain the area. 

n ... fi „ . - Many of the villages are situated along the 
Province*. banks of the Bench and its mam tributaries 

the Sukri and the Ghatamali Rivers, and 
during the dry weather water can be taken from the pools which 
occur at intervals in these streams. Mr. Gee observed that these 
pools vary with the strata, being found more regularly where the 
Motur clays outcrop, and again more noticeably on the upstreaiv 
side of trap-dyke intrusions, several of which occur in the north 
eastern part of this area. The supply of villages not situate 
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near these rivers, or their tributaries is, however, drawn from 
wells. These are usually of no great depth, and as a result of 
the alternating character of the sandstone and clay beds a good supply 
of water is usually maintained. The beds, in general, dip to the 
north, so that any well sunk on the south side of one of the trap dykes 
yields a plentiful supply. Most of the sandstones of the area are 
apparently porous to a fair degree. ^ 

The area appears to have been affected by a number of faults, 
causing the repetition of the outcrops of the clays of the Motur 
series and these porous sandstones. This has apparently resulted 
in the prevention of the continued seepage of the underground 
water in the sandstone bands, the faulted clays sealing it off on the 
southern side of these clay outcrops so that wells sunk in the sand¬ 
stones along thess tractB should yield a good supply at a shallow depth. 

In the area around the Tawa River of the Shahpur coalfield, and 
eastwards to the Chhindwara-Betul boundary, many of the villages 
depend on their water-supply from the Tawa River and its larger 
tributaries. The Tawa, during the early part of the year, before the 
rains, consists of a number of pools at intervals linked up by a mere 
stream meandering in the wide sandy bed of the river. Good water 
can be obtained from diggings sunk in this sandy river allu¬ 
vium. Large pools occur throughout the year where trap-dykes 
crop out, and at other places where a hard bed of sandstone croj s 
out across the river. For instance several lines of induration and 
silicification of the sandstones occur, following a general east-to-west 
strike, and deep pools are usually located in their vicinity. This is 
so in the Barakar and. higher Gondw r ana beds. In the southern 
part of the Shahpur area the streams flowing over the Talchirs are 
fairly constant on account of the impermeability of the clays. But 
some of these clays, those of the Middle Talchirs, cropping out 
around Ratamati and south of the Sonada ridge appear to be very 
porous and a deficiency of surface water is noted in the hot weather. 
The water is then usually obtained from wells sunk in the Talchir 
clays, and when a more impervious band is met with a good supply 
is often maintained. This is similarly evidenced in the Talchir 
area around Khapa and Bhata in the eastern portion of the area. 

To the north of the Sonada ridge, the red and green Motur 
clays being intercalated in the porous sandstones, those villages 
which do not obtain their supply from the Suk Tawa and its tribu- 
tariea are kept well supplied with good water from wells. This was 
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especially noted at Bandabira near Sonada where a well on the lower 
ground between the village and the Suk Tawa River, was, during 
the month of March, full of water to within 3 feet of the surface. 

In connection with the water-supply of the Khyber, Dr. Fox 
is confident that water should be encountered near Landi Khana. 

There is some doubt about the porosity or 
W?Ffojtien tilWSyj otherwise of the shales and limestones, but 
he recommends the sinking of a well at the con* 
fluence of the stream courses east of Landi Kotal. If this stream- 
well fails to produce a large supply of water at a shallow depth, 
it will mean that the limestones are water-bearing, in which case 
a deep boring put down to these limestones should prove successful. 


GEOLOGICAL SURVEYS. 

During the field season 1924-25, the Bihar and Orissa party 
consisted of Mr. H. Cecil Jones, in charge, Mr. J. A. Dunn, Dr. M. S. 

niB _ J . , Krishnan and Sub-Assistant L. A. Narayana 

Bihar and Orissa. T J 

Iyer. 

Mr. Jones, whom Dr. Krishnan accompanied for training, carried 
out a mineral investigation of the Bamra State, during the course 
of which a preliminary geological survey was 
and Orissa. made, lhe rocks occurring in the State are 

mainly gneisses, schists and quartzites of 
Archaean age. In the north of the State typical micaceous and 
hornblendic Dharwar schists together with quartzites occur. Thin 
veins of pegmatite and quartz run through the gneiss and 
Dharwar rocks, but the quartz veins are usually barren and the 
pegmatite consists of quartz and felspar with black tourmaline 
or muscovite mica. The tourmaline and mica are usually small in 
amount, and the latter is not of much economic importance. 

In the eastern part of the State are nearly horizontal nrassi\e 
well-bedded quartzites with interbedded trap flovs; these appear 
to be of Cuddapah age. In the extreme south-west and south-east 
corners of the State are Gondwana rocks. These consist mainly 
of Talchir sandstones and shales and of Mahadeva conglomerates. 
None of the Gondwana coal-bearing beds were seen, and there 
seems little hope of finding coal in the State. 
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Mr. J. A. Dunn continued his work in the Singhbhum district 
on Survey Sheets 73 \ and * completing his survey in 

this part of the district. The greater number 
; °* r °cks are again regional metamorphics, 

but quite a large area of unmetamorphosed 
representatives of the Iron Ore series was covered. The Chakra- 
dharpur granite-gneiss is again an important type. A relatively 
small granite mass in the Girga Reserved Forest waB met with, 
and the boundary of the Chota Nagpur granite-gneiss also touched 
upon. The most important outcome of the season’s work has been 
the demonstration that the Dalma Volcanic series with the associated 
phyllites and mica schists of north Singhbhum belong to the Iron 
Ore series. The gradual metamorphism of the unaltered Iron Ore 
series types in the Kolhan, as they are followed west, both along 
the strike and across the dip, is, according to Mr. Dunn, remarkably 
clear. The zone of thrust-faulting between the metamorphics of 
north Singhbhum and the unaltered Iron Ore series, noted the two 
previous years, gives place to acute folding as it is followed to the 
west, on the western side of the Chakradharpur granite-gneiss. It 
is the presence of this thrust zone which seems to have been respon¬ 
sible for the correlation of the metamorphics to the north with 
the Older Metamorphics underlying the Iron Ore series in south 
Singhbhum. 

The Iron Ore series may be divided into two lithological types, 
a sedimentary and fragmental on the one hand, and an igneous 
type of volcanic origin on the other. The sedimentary type varies 
from unaltered shales with occasional sandstones to highly meta- 
morphic rocks, such as mica schists containing minerals like garnet, 
cordierite, staurolite, kyanite, sillimanite and piedmontite. All 
stages in this metamorphism may be noted both along the strike 
and across the dip. Volcanic tuffs are frequently found associated 
with the sedimentary types, and there is no doubt that many 
of the shales and phyllites consist in reality of fine volcanic 
dust. 

For the most part, the volcanic flows appear to occur at the top 
of the Iron Ore series, but in several places there are interbedded 
phyllites of sedimentary or fragmental origin. At least no Iron 
Ore rocks of sedimentary origin have been found to overlie the thick 
series of volcanio flows. It seems possible that whereas in south 
Singhbhum the period was one almost purely of continual sedi- 
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mentation, in north Singhbhum the latter part of the period was 
one of pronounced vuloanisin. 

The general strike of the whole series is approximately east and 
west, with acute overfolding from the north, but successive, west- 
pitching, goo-isoclinal folds have brought the western extension of 
the outcrops of the Dalma Volcanic flows to a progressively more 
southern position. In the north-west portion of the area folding 
has been extremely acute, although remarkably regular, and this, 
combined wit the fact that the flows commence to be separated 
by intercalated phyllites as they reached their limit, has made the 
mapping exceedingly complicated. It is in this portion of the area 
also that the metiniorphism becomes more severe. 

In the Singhbhum district Mr. Dunn finds at least three distinct 
periods of basic igneous activity, all probably within Archaean 
times, the hornblende schists of the Older Metamorphic series 
being the earliest known and the Dalma Volcanics being the 
second in order of age. The Newer Dolerites, so abundant as 
dykes in tho Singhbhum granite, may possibly be Cuddapah in age, 
although there is good evidence for assigning them also to the 
Archaean. 

The succession in Singhbhum pul- forward by Mr. Dunn is as 
follows : — 

5. Newer Dolerite (altering to 
epidiorite)—Cuddapah or earlier. 

4. Granites. 

3. Ultrabasic igneous rocks. 

2. Iron Ore series with the Dalma 
Volcanic flows at the top. 

1. Older Metamorphics. 

Sub-Assistant L. A. Narayana Iyer worked under Mr. J. A. Dunn 
in S. E. Singhbhum and in the Porahat Government Estate. 

During the 1924-25 field season the Burma Party of the Geo¬ 
logical Survey of India consisted of Mr. E. L. G. Clegg, (in charge) 
Kao Bahadur Sethu Rama Rau, the late Cap- 
tain F. W. Walker, Mr. C. T. Barber and 
Sub-Assistant B. B. Gupta. With the exception of Rao Bahadur 
Sethu Rama Rau who continued the geological survey of the Mergui 
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district, the whole party was engaged in work on the Tertiary rocks 
of Upper Burma. 

Mr. E. L. G. Clegg working in the Meiktila, Myingyan and Sa- 
gamg districts on the north side of the Thazi-Myingyan line, in an 
area bounded on the north and west by the Irrawaddy River and 
on the south and east by latitude 21° and longitude 96° respectively 9 
completed parts of sheets 84 £, £ , and i? 

Sheets 


6 7 9 7 1U 7 IT 12 18 14' 16' 10* 

84 ih and ~ in the centre of the area had been pre¬ 


viously surveyed in the 1912-13 field season by Mr. Uatta who 
had divided the rocks into Jrrawadian and Pegus, classifying the 
Pegus as belonging to the old Yenangyaungian sub-division, 
Ur. Cotter, to the south, classed the whole series as upper Pegus 
owing to the lack of any definite boundary, although he recog¬ 
nised the Irrawadian characteristics of the uppermost rocks. 

Continuing northwards Mr. Clegg has mapped three divisions :•— 


Irrawadian. 
Passage Beds. 
Pegus. 


No distinct boundaries occur between these three series which 
are generally conformable, but the Irrawadian is very arenaceous 
and usually consists of fawn-coloured false-bedded sandstones which 
contain an abundance of fossil wood ; shales occur only locally as 
lenticles, whilst grits with quartz pebbles up to lialf-an-mch in 
diameter are occasionally met. One or two small areas which Mr. Clegg 
was at first tempted to map as old alluvium differ from the above in 
consisting of ka?ikar- impregnated, arenaceous and laminated clays. 
In the latter in an area mapped by Mr. Gupta about 4 miles west of 
Yamethin, the pronounced dip which occurs, makes one more in¬ 
clined to class them as a late phase of the Irrawadian. 

The Pegu rocks consist of an alternating series of sandstones 
and shales in which the former predominate. The included sand¬ 
stones are harder and more compact, contain thin calcareous bands 
and are less falsely bedded than those of the Irrawadian, whilst in 
isolated localities marine fossils specifically unidentifiable were col¬ 
lected from them. The shales of the series vary greatly in both 
colour and texture, ranging from fawm to steel-grey in colour and 
from fine aluminous to coarse arenaceous clays in composition and 
texture. Selenite is occasionally found in them in small 
quantity. 

f2 
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The Passage Bed series was introduced after consultation with 
the other members of the party to distinguish rocks which, owing 
to the rarity of exposures, the lack of fossils and the lithological 
similarity of the rocks in the exposures seen to both Irrawadian 
and Pegu types, could not be satisfactorily classified. Some such 
division as this seems inevitable—at any rate as a temporary scheme 
—if the rocks are to be divided at all. In the type areas of these 
rocks in the Irrawaddy river valley south of Singu, the division 
between Pegu and Irrawadian is represented by either a red earth 
bed or a ferruginous conglomerate, indicative of an unconformity, 
that is a temporary halt in the process of sedimentation, whilst in 
the area mapped by Mr. Clegg, no such red bed is present. Although 
possessing occasional local unconformity, the beds shew a general 
change from marine to fresh-water conditions. 

The rocks are folded into a series of broken anticlines and syn¬ 
clines arranged “ en Echelon ” on a strike which varies from N.W. 
—S.E. in the south of the area to due N.—S. in the north. The 
crests of the anticlines form the intermittent hill ranges and are seen 
as isolated peaks and “ hogsbacks,” Taungtha Hill being the highest 
and most characteristic, although other hills approximating to it 
are found running N. by W. from Natogyi, and from east of the 
village of Myotha south towards Meiktila. In the east of the area 
mapped low hills run N.—S. along longitude 96 ° and, south of Ava 
at the north end of this low hill range, much broken and contorted 
hard Pegu sandstones crop out and are unconformably overlain by 
Irrawadian gravels and sands. These Pegu sandstones were placed 
in the Sitsayan division of the Pegus by Mr. Datta but no pakeon* 
tological evidence has been obtained to substantiate the subdivi¬ 
sion. 

The distribution of the rocks follows the topography, broken 
anticlines of Pegu rocks forming the hill ranges and Irrawadian the 
intervening valleys. The curious manner in which the Pegu rocks 
of the middle part of the eastern flank of the Taungtha Hill range 
and the western flank of Mingontaung have been scoured away, 
points to river action and was probably accomplished by the Irra¬ 
waddy River whilst in the process of changing its course from the 
Samon Sittang valley to its present site. It is similar to the scouring 
which can be seen being carried out at present by the Irrawaddy 
River on the eastern flank of the north end of the Pyalo anticline 
below Thayetmyo. 
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The late Captain F. W. Walker carried out geological survey 
work in sheets 94 -4-, 85 JL and — and in parts of 85 JL and 84 -4- 

in the Yamethin, Thayetmyo and Magwe districts in continuation of 
his previous field season’s work. The area surveyed, with the exception 
of sheet 84 - 75 -, includes the country between latitudes 19° 45' and 
20° and Jongitudes 96° 15' and 95 ° 30'. Captain Walker recognised 
and mapped the following series: 

4 Alluvium 
3 Irrawadian. 

2 Pegu sere?. 

1 Archaean. 

Archaean rocks occur east of Kyidaunggon in sheet 94 - 7 - as a 
foothill spur from the Shan Plateau and consist of biotite gneiss 
traversed by a band of crystalline limestone striking N. N. W. They 
can probably be correlated with the gneisses with included limestones 
of the Sagaing Hills. 

Pegu Rocks folded into small pitching anticlines and synclines, 

which can only be traced along the strike tor short distances, are found 

in sheets 85 JL, 85 JL, 85 JL, 84 JL, 84 JL and 84 JL and form 

the back-bone of the Pegu Yoma in the centre of the area examined. 

In sheet 85 JL they occur as an alternating series of fawn-coloured 

sandstones and bluish thinly laminated shales ; in sheet 85 JL as a 

series consisting of tl in bands oi calcareous gravel conglomerates 

interbedded in shales containing a small proportion of intercalated 

sandstones; in sheet 85 JL as typical Pegus, composed of alternates 

of shales and sandst.nes with calcareous bands, whilst in the main 

mass of the Yoma they are well exposed in the west ward-flowing 

streams in sheets 84 JL, 85 JL and 85 — as a series of soft fawn- 
f 2 9 10 

coloured sandstones and greyish blue shales which alternate in all 
proportions. Thin bands of calcareous sandstone are intercalated 
throughout the series and in theBe iit isolated localities marine 
fossils were collected. A major syncline in this area was traced 
through successive sections for about 10 miles, 

Irrawadian rocks occupy almost the whole of sheet 84 one th 
oast of the Yoma and consist of a monotonous sequence ol soft 
fawn-coloured sandstones, usually thinly bedded and well jointed. 
Extensive denudation of conglomeratic beds in the series, which can 
be well seen in the Thinwondaung and Peinyangtang Chaungs, has 
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given rise to gravel and pebble beds at Pyinmana. On the west 
‘dde of the Pegu Yoma in the south-west of sheets 85 -JL and 85-—- 
Irrawadian rocks occur in country having a very low contour and in 
which outcrops are extremely rare. In the north— sheet 85 the 
Pr gu-Irrawadian boundary is marked by a sharp change in the 
surface topography and the presence in some localities of a band of 
characteristic ferruginous conglomerate, about 18 inches thick and 
consisting of ferruginous concretions, gravel and, locally fossil wood, 
the whole being set in a ferruginous cement. 

Alluvium covers the eastern portion of sheet 94 — and occutb 
in small patches along the larger streams, whilst on the west of the 
Yoma is the large alluvial Taungdwingyi plain. Great difficulty 
was experienced in the whole area in separating alluvium from 
Irrawadian rocks and on the east of the Pegu Yoma in fixing the 
Pegu-Irrawadian boundary. 

Mr. C. T. Barber in continuation of his previous season’s work 
carried on the geological survey of the Meiktila, Myingyan and 
Pakokku districts, completing sheets 84 —, S-, JL, JL, JL and those 
portions of sheets 84 and ~ which lie west of the Thazi-Myingyan 
branch-line of the Burma Railways, and the Irrawaddy River 
respectively. In conformity with Mr. Clegg who was working to 
the east of Mr. Barber’s area, and with whom the examination of 
the boundary hetween their two areas was carried out, the following 
rocks were mapped:— 

Alluvium, 

Irrawadian, 

“ Passage Beds,” 

Pegu series ; 

whilst further to the south-west the following surface deposits were 
* Is© recognised :— 

Plateau Red Earth. 

Plateau Gravel. 

The following are the characteristics of the various series recog¬ 
nised 

Alluvium.- Consisting of buff to brown sandy clay, composed 
of the re-sorted sands and clays of the Irrawadian, 
Passage Beds and Upper Pegus and containing abundant 
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kanhar and fresh-water gastropods, with a little derived 
fossil-wood. 

Plateau Red Earth. —Consisting of brick red, sandy clays in 
which kankar and derived fossil-wood are locally abun¬ 
dant. 

Plateau Gravel .—Consisting of large quartz pebbles and abun¬ 
dant fragments of fossil-wood in a loose, coarse, sandy 
matrix. No boundary was delineated between the Pla¬ 
teau Red Earth or the Plateau Gravel and the underlying 
formations but the general distribution of the two former 
was noted. 

Irrawadiav.— Consisting of bright, white, false-bedded sands and 
containing large blocks and trunks of fossil-wood and 
small quartz pebbles. 

Passage Beds. - Consisting of alternating loose, white, false- 
bedded sands, locally characterised by small quartz peb¬ 
bles and buff to grey sandy clays with occasional shahs 
and impersistent compact sandstones. Lateral variation 
is very characteristic of these deposits. 

Pega Series.- Consisting of alternating compact, lustre-mottled 
sandstones and grey to blue shales and clays, in which 
false-bedding and lateral variation are conspicuous. 
These deposits are for the most part barren, but poorly 
preserved lamellibranchs and gastropods are recorded 
from several localities. 

The major portion of sheet 84 is occupied by Upper Fegus, 
but in a broad svncline between Awzachan (95° ,33'; 20 c 57') and 
Thabutkon (95° 57'; 20° 57') villages, the soft false-Hddcd sands 
ot the Passage Beds are represented, and continue northwards into 
sheet 84 *jj, wdiere they form a belt some five miles in width, flanked 
on either side by rocks of the Pegu series and enclosing a small arta 
of Irrawadian in the neighbourhood of Yonzingyi village (95° 34'; 21° 
13'). On the western flank of this area of Passage Beds, the 
Pegu rocks are composed for the most part of hard lustre-mottled 
sandstones which are sharply folded and faulted into a pronounced 
“diaper’’ structure, forming the Lebyo Hills. Similar sandstones 
alternating with blue to grey shales and gypsiferous clays continue 
westward into the southern portion of sheet 84 to the foot of 
Mount Popa, and a similar type of lithology can be traced north- 



72 


Records of the Geological Survey of India . [Vol. LJX. 


wards in the hills forming the anticlines of Taungalin (95° 26'; 21° 6 '), 
Kyatti ( 95 ° 22 '; 21 ° 7'), Myinthadaung (95° 19'; 21 ° 4'), and Kabat 
(95° S'; 21 ° 4 '). These anticlines pitch out in a northerly direc¬ 
tion and the Upper Pegus give place to rocks of the Passage Beds 
which also “ V ” down the broad valleys between the anticlines 
themselves. Near Welaung (95° T; 21° 9') is a small area of Irra- 
wadian, which continues northwards to Kyaukpon (95° 7'; 21° 11'), 
where it is overlain by the extensive alluvium of the Sindewa Chaung/ 
West of the Kabat anticline the soft white sands of the Irra- 
wadian again come in, and are here separated from the Upper 
Pegus and Passage Beds by a well defined red bed, which can be 
traced continuously in a north-north-westerly direction from Saing- 
gaung village (95° 16'; 21° 4'), for a distance of twelve miles and 
intermittently for another ten miles to Lettok (95° 8 '; 21° 17'), 
where it is finally lost beneath the Irrawaddy Alluvium. Irrawadian 
deposits occupy the greater portion of sheet 84- 7 * > but rocks of the 
Pegu series again crop out in the Taungzin Hills in the extreme 
south-west. The boundary between the Irrawadian and the Pegus 
in this vicinity is obscured by the alluvium of the Saikgwa Chaung. 

The whole of sheet 84 west of the Irrawaddy River is occupied 
by alluvium which extends into sheet 84 where it forms a belt 
aome three miles in width on the right bank of the river. 

Near Kuyuwa (95° 11 '; 21 ° *25') Pegus rise abruptly from the 
alluvium and in the clifi-like sections which occur here, the rocks are 
well exposed, but once the cliffs have been ascended the solid geology 
is obscured by Plateau Red Earth and good exposures in the Pegus 
are rare till the Kyauktat Hills are reached. These hills form the 
eastern flank of a faulted anticline, the rocks forming the western 
flanx of which are extremely ferruginous and are overlain by the 
bright white kaolin bed which here characterises the base of the 
Irrawadian. The whole of sheet 84*p, west of the Kyauktat 
anticline, is occupied by Irrawadian and alluvium, but exposures 
in the former are extremely rare on account of the surface deposits 
of Plateau Gravel and Plateau Red Earth, which here attain a 
considerable development. 


Mr. S. 


Sethu Rama Rau, working in sheets 

x 


Gfi J J J J J 

w -j 1 -p -g-, — j 

T T’ T> ~W’ TT’ and 7’ completed the geological 

surrey of the accessible Parts of the Mergui district. During the 
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course ot his survey Mr. Sethu Rama Rau recognised the following 
series and lithological types 

Moulmein limestones, 

Mergui series, 

Quartz Porphyry, 

Gneiss ; 

whilst in Mergui and the adjoining islands, grits, sandstones (with 
occasional siliceous infiltrations in their cracks and joints), and 
conglomerates were seen over a wide area, unconfonnably overlying 
argillites of the Mergui series. 

Gneisses are exposed near Talobusa village and the series is made 
up of alternating bands gently folded into an undulating ridge. 
They include all types from acid to basic, the former consisting of 
quartz with a little biotite and the latter of hornblende, biotite 
and pyrites with a little quartz. Their relationships with the 
Mergui series were not seen but Mr. Rau believes them to be older 
than the latter and probably comparable with the early granites 
and gneisses of the Mogok frontier region. Intruded into these 
gneisses are coarse, irregular granites and pegmatites whilst quartz 
veins of a later date intersect the whole. The general strike of the 
intruded granite and quartz veins is 12° W. of N. to 12° E. of S. 

Regular ridges of quartz porphyry which are well exposed in the 
islands north of Pase Mira on the Talebusa Chaung, and in the 
island near Sungei Mukang adjoin the biotite granites of the gneissic 
series; the quartz porphyries and these biotite granites are believed 
to be genetically related. 

The Mergui series is made up of slates, quartzites, grits, conglo¬ 
merates, argillites and kaolinised sandstones and generally strike in 
a direction 70° W. ot N. to 70° E. of S. They are folded into a series 
of anticlines and synclines and in Lumpi island complete reversals 
of the strata were seen within a distance of one hundred feet. North 
of Kayang on the east of Lumpi island a band of slate includes 
pebbles of granite varying in diameter from one to nine 
inches. 

The Moulmein limestones, which consist of coarse crystalline 
unfossiliferous limestone, form the Turret islands, a group whose 
precipitous limestone cliffs rise sheer from the sea, thus rendering 
the relationships of the limestones with the rocks of the surround¬ 
ing islands indeterminable. 
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Sub-Assistant B. B. Gupta, working in the Yamethin and Magwe 
districts, completed sheets 93 §,‘ 84 jg and portions of sheets 
93 5 and 93 f. 

Sheets 93 g* and 84 consist ot Upper Tertiaries and rocks 
of the Irrawadian and Pegu series were mapped. Lithologically the 
Irrawadian rocks are composed of soft loose sandstones- and gravels 
whilst Red Earth is seen as a surface deposit in areas where the 
topography is flat. Fossil wood in quantity was only seen in two 
localities, the first 2 | mile S.S.W. of lnbingyi and the second about 
1 mile S.S.E. of Chinbyitkyin. In the Yedoyo Chaung a rather 
different type of deposit was met with, consisting of unfossiliferous 
argillaceous grey sandstones with occasional shale partings, but was 
overlain to the east by the usual type of gritty Irrawadian sand¬ 
stone. Vertebrate fossils were scarce but a tooth, provisionally 
referred to Cervus latidens (Lyddeker), was obtained from the left 
Bank of Ingon Chaung, 2 miles N.W. of Indawgyi, and broken fossil 
bones from 1 mile S.W. of Indawgyi, and on the hill 3| miles S.W. 
of Myohla. A Mastodon tooth, said to have been collected in Ingon 
Chaung, was seen in the possession of the Thegyan hpoovgyi. Pegu 
rocks underlie those of the Irrawadian to the west and consist of 
alternating beds of sandstones and shales varying greatly in texture. 
They arc folded into a series of anticlines and synclines, Irrawadian 
rocks occurring as outliers in two of the B} nclines; the more 
westerly of the latter is continuous with one mapped by Mr. C. T. 
Barber in sheet 84 3 during tfeo 1923-24 field season. The axes 
of these folds approximate to the strike of the rocks i.e ., N.N.W.— 
S.S.E. 

Red Earth occurs on Pegu rocks in flat areas in the north of 
sheet 84 g, and small fragments of fossil wood are common near 
the western boundary of the more easterly of the Irrawadian out¬ 
liers mentioned. 

The following fossils were identified from the localities 
cited :— 

( 1 ) Half a furlong S. of Sigon (in hard compact sandstone)— 

Balanus sp ., Balanus (Chirona) sublcevis. J. de C. Sow., 
Ceratotrochus alcocki , Hoet., Oxyrhina spnlloruanii, 
Bon., Peden ? kokenimus , Noet., Area sp., thi<aa 

sp. 
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(2) 1| miles S.W. of Aingdo (in compact greyish brown sand¬ 

stone!— 

Carcharias (Prionodon) gangeticus , M. k H., Alopias wipes , 

Gknelin. 

(3) Bwet Chaung about If miles S. of hill “ 1470”, Kyaukgyi 

daung, just below the junction of two streams :— 
Balanus sp., Membranipora sp., Ostrcea sp. 

(4) 1| miles N.N.W. of Aingdo (in calcareous sandstone)— 
Marginella sp., Ringicula cf. hornesi . Seg., Ringicula sp., 

Cardita sp., Fish teeth (indeterminable). 

(5) 2 miles S.S.E. of Aingdo (in calcareous sandstone)— 
Ceratotrochus sp. 

(6) 1 mile 5 furlongs N. 10° W. of Pyazi:— 

Cerithium sp. 

In sheets 93 y and 94 -g Mr. Gupta worked along the bound¬ 
ary between the Samon Sittang alluvium and the ancient rocks of 
the Shan Plateau and was able to recognise the following types : 
gneissose biotite granite, crystalline limestone (sometimes garnet if cl¬ 
ous), slates and quartzite. Although sufficient work was not car¬ 
ried out to make the relations of all these lithological types clear, 
Mr. Gupta formed the opinion that the slates and quartzites belong 
to the Chaung-Magyi series, recognised in the Northern Shan States 
by LaTouche, and evidence of the intrusive nature of the gneissose 
granites into this series was seen on the Kyatpye-Kangyi footpath 
in sheet 93 g-, where fragments of quartzite and slate had been 
caught up in the granite. Besides quartz and granite veins, quartz 
porphyries were also noted in the Ohaung-Magyis but only the 
former carried the various ores of lead, copper, iron, graphite, etc., 
noted during the course of the survey. 

The Central Provinces party comprised Dr. L. L. Fermor (in 
charge), Messrs. H. Crookshank and W. D. West, and Sub-Assistant 
- A „ . D. S. Bhattacharji. Dr. Fermor continued his 

survey ot the Sausar tonsil. Chhmdwara district, 
and the adjoining portions of the Nagpur district. For a while 
Mr. Crookshank accompanied Dr. Fermor and he was then 
allotted work on the Pandhurna sheet to the west of the 
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Sausar sheet. On completion of this he joined Dr. Fox in northern 
Chhindwara, where he* was engaged in work on the Gondwanas, 
as well as in adjoining parts of the Narsinghpur district. Mr. 
West was allotted the Deolapar sheet in the Nagpur district; his 
work there was interrupted by a visit to Kathiawar, and was 
terminated early in order to enable him to commence work 
in the Himalayas with Dr. Pilgrim. Sub-Assistant Bhattacharji 
continued hiB previous work in the Nagpur district. 

During this season Dr. Fermor completed the examination of a 
small tract left unfinished in the Sapghota Reserved Forest, Nagpur 
district, and thereby completed the Sausar 
Na^ui^dUtiicts tnd s ^ eet The Sapghota forest is occupied 

almost entirely by the continuation of the 
Mogra synclinorium mentioned in the previous review, and with the 
Mogra area exceeds in intricacy of folding and variety of rocks any 
ground yet investigated in the Central Provinces. The succession 
of rocks in the Sapghota forest comprises the complete series of 
stratified Archaean rocks of the Sausar tahsil referred to in the 
previous General Report from calc-granulites at the base to hornblende- 
schists at the top, with the exception of the gonditic horizon, which 
is represented only doubtfully by a thin band of garnet-quartzite. 
The dolomitic stage is represented both by the normal serpentinous 
types, and by the scapolitic Mogra suite referred to last year. In 
addition there is a thin stratum of felspathic quartzite sometimes 
micaceous, found at an horizon intermediate between those ot one 
dolomitic and calcitic marbles, and overlying the garnet-quartzite 
referred to above. Finally in the N.E. corner of the forest there 
is a completely new type, namely a garnet-anthophyllite-schist, with 
large spongy pink garnets up to two inches in diameter, and prisms 
of anthophyllite up to one inch in length. In places the garnets are 
absent. This rock occurs in considerable masses, but the folding is 
so complicated, accompanied doubtless by much overthrusting, that 
it is impossible to be quite certain of its exact stratigraphic posi¬ 
tion ; whether, for instance, the anthophyllite schist is a special 
metamorphic phase of one of the rooks previously studied, or whether 
it represent^ an horizon not hitherto encountered. After consider¬ 
ing all the available data Dr. Fermor is of the opinion that 
this rock represents an additional horizon immediately above the 
hornblende-schists, a view which was confirmed in Mr. Bhatta¬ 
charji’s ground near Chorbaoli on the Bamtek sheet, where a small 
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outcrop of the same garnet-anthophyllite-schist was found in well 
folded, but less intricate ground, and again probably overlying horn¬ 
blende-schist. In the previous season, at a point near Tekari about 
2 miles to the north of the Sapghota anthophyllite-schist, and in 
much less intensely folded ground, a band of magnetite-quartz-rock, 
also probably overlying hornblende-schist, had been found. No 
evidence has been found, however, to show the relationship to 
each other of the anthophyllite-schist and the magnetite-quartz-rock, 
and these two have been grouped provisionally together until turther 
evidence is forthcoming. 

In addition to the anthophyllite-schist the intensely folded north¬ 
east corner of the Sapghota forest shows other fresh types ; these, 
instead of representing additional horizons in the stratified sequence, 
are probably special metamorphic phases of previously studied 
types. Particularly distinctive is a mono-mineralic green schist 
composed, according to Dr. Fermor, of an amphibole with the 
pleochroism and extinction angles of pargasite, but optically 
negative. It is not yet clear whether this schist is a derivative of 
the diopsidites, and thus belongs stratigraphicallv to the dolomitic 
stage. In addition there are tremolite-schists, and actinolite- 
schists, both belonging to the dolomite stage, and also normal 
. hornblende-schists. There are also many varieties of pyroxene rocks 
representing both the dolomitic and hornblende-schist stages; one 
interesting type being a diopsidite rich in clinoohlore and spinel. 
Large garnets have been formed not only in the anthophyllite-schists, 
but also in intensely compressed biotite-gneisses rolled out into 
schists. Sillimanite has also been formed as a shear mineral. As 
the result of a change, presumably of somewhat later date, but not 
before folding movements ceased, the garnet-anthophyllitc-schists have 
in one place been converted into spotted chlorite-schists, the spots 
representing the former garnets. As will be judged from the foregoing 
catalogue of types the intensity of stress in this corner of the 
forest has been very great. 

Dr. Fermor proposes to call the whole succession the Sausar 
series and to allot to the various stages the names shown in the 
accompanying table. All the stages named are found on the sheet 
mapped, with the exception of the Ramtek quartzites, which, judging 
from Mr. Bhattacharji’s mapping, must overiie the anthophyllite- 
sohists (Sapghota stage). As will be recalled from previous review* 
the various members of the Sausar series as thus defined are usually 
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separated one from another by acid biotite-gneisses, which have been 
treated as ortho-gneisses representing large-scale intiusions that have 
separated one from another the various members of the stratifod se¬ 
quence. Mr. West, as a result of his last season's work has suggested, 
however, that certain of these gneisses, in particular the sillin)8iiite 
garnet-gneisses or schists and the fine-grained biotite-gneisst s, n ay 
really bo para-gneisses and schists. 


Tabular Statement of the Sausar series. 


Name of stage. 

Type localities. 

Chief rock types. 

Ramtek (N) 1 . 

Ramtek Hills 

Sericitio quartzites. 

Sapghota (N) . 

Sapgliota Reserved 
Forest (N) 

Tekari 

Garnet anthophyllite-schists : chlo¬ 
rite-schists. 

Magnetite-quartz-rock. 

Sitapar (0) 1 . 

Sitapar, Sapghota 

Reserved Forest, 

Hornblende-schists, 2 garnet-am¬ 
phibolites, pyroxenites. 

Biohua (C) 

Biohua (C), Biohua (N), 
Khapa Padri Reserved 
Forest (C). 

Mogra (C—for Mogra 
type)- 

White dolomitic marbles, cipol- 
linos, spinel-, chondrodite- and 
serpentine-marbles, diopsidites, 
diopside-quartzites, tremolite- 
actinolite-schistB. 

Soapolite-granulites, scapolite- 

diopside - marbles. 

Chorbaoli (N) . 

Chorbaoli 

Sapghota Reserved 
Forest. 

Felspathic muscovite-quartz- 
schists. 

Microcline-quartzites. 

Mansar (N) or Gou- 

Mansar, Ramdongn (N), 

Gondite series, manganese-ore 
bodies ; perhaps certain garnet- 
quartzites. 

dite stage. 

Waghora (C). 

Lohangi (0) 

Lohangi, Ghotni (C), 
Maharkund (N). 

Devi (C), Ghogara (N), 
Junawani (N). 

Pink caloitie marbles, calriphyres. 

Black manganiferous marbles, 
piedmontite-marbles, and some 
manganese - ores. 

Utekata (C) . 

Utekata, Ghoti (C), Pare- 
ghat Reserved Forest 
(0). 

Jirola (0—for Jirola 

type). 

Calc-granulite. 

Hornblende-biotite-granulites. 


1 The letters Q and N indicate the Ohhindwara and Nagpur districts respectively. 
1 In addition there are probably hornblende-schists, etc., representing intrusivcs, 

probably of the same age. 
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If the garnet-sillimanite-gneisses prove to be para-gneisses then 
three additional stages will be needed in the section oi the Hausar 
series between the Bichua stage (dolomitic marbles) and the Lohangi 
stage (calcitic marbles). 

In the Sausar series as thus defined perhaps the most impoitant 
horizon is that of the Gondite series and manganese-ore deposits 
(the Gondite or Mansar stage). The rocks comprised by the Gondite 
series are of a very unusual type and it seems unlikely, though it 
is of course not impossible, that there should be two such horizons 
in the Indian Archaean sequence. For this reason there are pros¬ 
pects of correlating by its aid the Archaean sequences of several 
parts of India. The late Mr. Burton’s Sonawani series of the 
Balaghat district is evidently equivalent to a portion of the Sausar 
series. The Chilpi Ghat series, which because of the basal conglo¬ 
merates of Chilpi Ghat itself Mr. Burton regarded as scpaiatul 
from his Sonawani series by an unconformity, may, however, piove 
equivalent to another portion of the Sausar series. The difficulty 
of correlating the Chilpi Ghat series with the Sausar series on the 
basis of the manganese-ore horizon is due to the absence of marbles 
from the former and to the presence of the great thickness of 
phyilites overlying the manganese-ore horizon, and of the conglo¬ 
merates underlying the manganese-ore horizon ; the phyilites are 
absent from the Sausar series as at present limited. Should subse¬ 
quent work support Mr. West’s suggestion, however, that the garnet- 
sillimanite-gneisses and schists are para-gneisses, that is to say 
metamorphosed argillaceous sediments, one of the difficulties 
will have disappeared, for it will be possible for them to represent 
the Chilpi phyilites in a more intensely metamorphosed form. 

Gonditic rocks have been found in tlie Gangpur State of Orissa 
and sporadic occurrences are known in Central India, Bombay and 
possibly Kajputana (Banswara). The white marbles of Rajputana 
are so similar lithologically to those of the Bichua stage of the Sausar 
series that another line of correlation may lie here. It seems possible 
also that we may be able to correlate the rocks of the Eastern Ghats 
in the Madras Presidency with those of the Central Provinces, if 
Dr. Fermor is sound in his suggestion that the koduritic rocks of 
the Ganjam and Vizagapatam districts may be hybridised gonditic 
occurrences. 

As is noticed on page 92 certain of the rocks of Sakrasanhalli in 
fche Kolar district of Mysore bear a close resemblance, Borne to 
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members of the gondite series and others to the black mangani- 
ferous marbles of the Central Provinces (Lohangi stage). Mr. 
Jayaram of the Mysore Geological Department considers that the 
rocks of the Sakrasanhalli area represent an older section of the 
Dharwar series than has hitherto been recognised. 

By using the Gondite series as a datum line, with the marbles as 
confirmatory evidence, it may prove ultimately possible to link up 
with the Central Provinces certain Archaean tracts of Rajputana, 
Singhbhum and Orissa, the Eastern Ghats of Madras, and Mysore. 


Chhindwara district. 


Before joining Dr. Fox in northern Chhindwara Mr. Crookshank 
spent about a month in the vicinity of Pipla and Mohgaon on the 
Pandhurna sheet (55 ]$) in order to com¬ 
plete the boundary between the alluvium and the 
Deccan Trap and to trace to the west various faults and dykes 
seen in the Sausar tract to the east. A marked east-to-west fault 
with a downthrow of some 60 feet to the south was traced through 
the traps at Pindrai and Sawajpani, and three basaltic dykes were 
mapped. The flows themselves are of the normal type, mainly 
basalts with some dolerites. In the vesicular surface of one of 
them Mr. Crookshank found abundance of the zeolite ptilolite. 
The surface relief round Pipla is marked and there are distinct 
textural differences between certain of the flows, as well as two 
marked intertrappean horizons. In one of the latter abundant 
remains oi plant fossils were discovered, as well as shelly fragments. 
The plant fossils include two coniferous fructifications, which have 
been passed for purposes of study to Prof. Sahni of Lucknow, 
who considers them to be of some importance. 

The flows of Pipla compared with those of Linga near 
Chhindwara appear to be identical. It was found that the basal 
flow of Pipla was markedly porphyritic like the basal flow of 
Linga, that the second flow appeared to be identical in each area, 
being doleritic with a flaggy section, and that the third flow of each 
area is markedly rich in chlorophaute, though with this difference that 
the Pipla flow is largely doleritic whereas the Linga flow is basaltic. 
Two other pairs of flows seem to be sufficiently similar to be correlata- 
ble. If the parallelism between these two sets of flows can be 
trusted, it affords an illustration of the fluidity of the Deccan Trap 
lavas. Pipla is 25 miles 8.8.W. of Linga, so that the same flows 
must have spread continuously over a distance of more than 25 miles. 
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Mr. W. D. West commenced work this season on the Deolapar 
sheet (55§ ), which is two sheets to the east of the Sausar sheet 
mapped by Dr. Fermor and immediately north 

Nagpur district of the Ramtek sheet mapped by Sub-Assistant 
Bhattacharji. In the ground mapped cappings 
of Deccan Trap were absent, but amongst the Archseans, on which 
the work was much hampered by widespread alluvium, Mr. West 
found most of the main stages of the Sausar series as developed 
in the Sausar tract. The rocks are arranged in parallel belts 
striking across country to the S. E., that is with a similar strike 
to that of Sausar ; the structure, however, is much simpler than in 
Sausar. First there is a synclinorium of dolomitic marbles and gneisses 
in the Junawani Reserved Forest : this is followed to the north-east 
by an antielinorium of calc-granulitcs and calcitic marbles, between 
Piparia and Jhanjharia ; this again by a synclinorium of dolomitic 
rocks (of Mogra facies) west of Dongartal, overturned towards the 
north ; and this by some simple anticlinal and synclinal folds of 
calc-granulite and calcitic marble, between Dongartal and Kamti. 
All these folds are continued to the south-east where they mostly 
disappear beneath alluvium. Mr. West’s work conlirms Dr. Feimor’s 
provisional order of superposition which places the calc-granulites 
at the base, and also confirms the inversion of the beds in the belt of 
country to the south as mapped by Messrs. Cotter, Clegg, and Bhattar 
charji. 1 The rock sequence in Mr. West’s ground is as follows:— 

Dolomitic marbles and associated rocks. 

Spotted mica-schists. 

Muscovite-quartzites. 

Para-schists and gneisses (including composite gneisses). 

Calcitic marbles. 

Calc-granulites. 

In addition there may be granite and hornblemle-scliist at all horizons* 

The spotted biotite-scliists arc the rocks termed schistose silli- 
manite-biotite-gneisses by Dr. Fermor, whilst the para-schists and 
para-gneisses comprise Dr. Fermor’s fine-grained biotite-gneisses and 
associated schists. Mr. West’s suggestion that the rocks of these 
two horizons may be metamorphosed sediments is an important 
one which, if verified, will necessitate a re-adjustment in views 
provisionally held hitherto. 

1 Roc. G. S. I., vol. LIV\ p. 47. 

G 



82 


Records of the Geological Survey of India . [Vol. V&- 

The main reasons for the view that these rocks are para-gneisses 
and schists are the facts that they occupy a definite strati graphical 
position and that if they were ortho-gneisses and schists they should 
show .cross-cutting relations to the definitely accepted members 
of the stratified sequence, which they do not. Mr. West explains 
the supposed marginal contact effects on the dolomites as represent¬ 
ing a change in the composition of the original sediments where 
grading into a sediment of another type. 

Concerning the calc-granulites Mr. West qccepts the view that 
they are the product of the lit-par-lit intrusion of an acid magma 
into calcareous sediments: )ie suggests that they were not formed 
from a limestone as relatively pure as the overlying pink marble, 
but from a less pure limestone possessing a laminated or bedded 
structure which facilitated the introduction of the thin sheets of 
the acid magma that produced the hybrid. Concerning the nature 
of this magma there is room for a difference of opinion, as it has 
interacted so intimately with the limestone that its original natuie 
can nowhere be seen within the calc-granulite. Also no feeders 
are seen. Dr. Fermor had postulated the fine-grained gneiss magma 
of group 1 as the intrusive, but if Mr. West proves correct in his 
views that this gneiss is a para-gneiss, then another source must 
be sought. If the fine-grained gneisses be excluded in Into . there 
is no competent igneous rock exposed. There is an abundance of 
leucocratic granite but its date of intrusion is subsequent to the 
folding of the banded calc-granulites. Dr. Fermor considers, however, 
that he has good evidence that a certain fine-grained gneiss 
containing grains of iron-ore (llmenite in part) has been concerned 
in the formation of the calc-granulites. A possible solution to 
this divergence of views is that amongst the fine-grained gneisses 
are both ortho-gneisses and para-gneisses. 

A notable feature amongst the rocks of the dolomitic suite is the 
mineral variety which is attributed to reactions between the dolomite 
itself and presumed original impurities. In particular the appear¬ 
ance at different points of forsterite, tremolite, and diopside is 
accounted for on the basis of the mass quantity of silica available. 
One interesting type discovered is a tremolite schist containing 
colourless garnet and yellow vesuvianite. 

Another interesting point which Mr. West has worked out is 
the crystalloblastic order of the minerals. In ordinary igneous 
rocks the order of crystallisation of the minerals is deduced by noting 
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the relative idiomorphism of one mineral to another, and is dependent 
on the fact that the minerals have crystallised with falling tem¬ 
perature. In metamorphic rocks, however, the reactions by which 
the minerals are formed take place under the influence of rising 
temperature, so that in effect there is simultaneous crystallisation, 
giving a set of minerals representing the equilibrium under the 
highest temperature that prevailed. The shape of the crystals 
and their relations one to another will depend partly on such factors 
as crystallising force and partly on the particular reactions that 
take place. Instead of the “ order of crystallisation ” that pertains 
to igneous rocks we have the “ crystalloblastic order 99 of Becke. In 
the area of high metamorphism we are considering, crystallisation 
must always have been complete, and it has, therefore, been possible 
by the study of a sufficiently large number of slides, to work out 
the crystalloblastic order of most of the minerals in these rocks. 
Leaving out certain minerals, the position of which is undetermined, 
the following order was arrived at:— 

1. Sphene, sillimanite, tourmaline. 

2 . Epidote. 

3. Muscovite, amphibole. 

4. Biotite, pyroxene. 

5. Scapolite. 

6 . Plagioclase felspar. 

7. Quartz. 

8 . Potash felspar. 


The area surveyed by Sub-Assistant D. Bhattacharji occupies 
the northern portion of standard sheets Nos. 55$ and 55$, between 

Nagpur district latitudes 21° 25' and 21° 30', beginning from the 
eastern margin of the Ramtek tahsil down to the 
Pench river on the west. The formations seen were alluvium and the 
Archroans, the latter comprising most of the members of the Sausar 
series as well as various gneisses and intrusive granites and pegmatites. 
The latter are divisible into two groups—older and younger—primarily 
by the amount of movement and metamorphism they have undergone 
and secondly upon mineralogical grounds. The rooks of the dolomitic 
suite have been found to separate the slabby quartzite and tnuscovite- 
quartz-gchist noted previously. The former, seen typically in the 
Ramtek hills, is regarded as a typical sediment, whilst the latter, 
concerning the origin of which there may be some doubt, iB well seen 

a 2 
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in the Junawani Reserved Forest near Chorbaoli. Dr. Fermor consi¬ 
ders Mr. Bhattacharji’s evidence sufficiently good to justify the 
outcrops in these two areas being taken as typical of two different 
stages and has added them to his Sausar series as the Ramtek and 
Chorbaoli stages in the table given on page 78. The muscovite- 
quartz-schist of the Chorbaoli stage is described as a good mappable 
horizon and often contains pebbles distorted by crush, the presence 
of the latter being an additional criterion for its identification. 

As the evidence obtained by Mr. West confirmed the order of 
superposition of the strata as worked out in the Sausar tract, the 
rocks of the Parseoni and Ramtek area must now be looked upon 
as a reversed sequence. Mr. Bkattacharji constructed an ingenious 
model with paper and plasticine representing the folds over a 
considerable strength of country in order to see how this inversion 
could be possible. It was found that with slight adjustments of 
the model it was possible to make pitching synclinal folds simulate 
anticlines and vice versd. 


Coalfields Party. 


The coalfields party under the charge of Dr. C. S. Fox included 
Messrs. E. R. Gee and A. K. Banerji. and for a short time Mr. H. 

Crookshank. The field season was spent in a re¬ 
examination of some of the Central Provinces 
coal areas. 

Dr. Fox and Mr. Gee are in agreement that the previous work 

in the Wardha Valley carried out by Mr. T. H. Hughes had fully 

elucidated both the structure and succession 
Central Provinces. q{ ^ Qon(lwana gtrata in that region> The 

exploration which has taken place since Mr. Hughes mapped the 
Wardha Valley coalfields has allowed a little more precision to be 
obtained in regard to minor boundaries and faults in that area. Mr. 
Gee is of the opinion that the sandstones seen north of Ellichpur in 
the Amraoti district are newer than the Barakar beds—a view 
originally held by Mr. W. T. Blanford and also by Mr. J. G. 
Medlicott. 

Dr. Fox and Mr; Gee have proved the existence of coal-bearing 
strata close to, and often exposed at, the surface to the north of the 
tract of Barakar beds shown on the older geological maps of the 
southern Satpura coalfields. This occurrence is due to the step- 
faulting which is present, and which has a down-throw generally 
to the south in beds which steadily dip northward. 
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Time did not permit of the separation of the coal-boaring forma¬ 
tions from the younger strata in this region, throughout the area 
visited, a separation which the lack of exposures at critical points 
and the difficult nature of the country would have rendered laborious. 
Enough is now known, however, of the coalfields along the southern 
margin of the Satpura-Gondwana basin to indicate that the available 
coal resources of this tract are greater than previous estimations. 

Dr. Fox’s traverses have led him to believe that coal-bearing 
rocks will be found at no great depths in the valleys of the Denwa, 
Sonbadra and Tawa rivers to the southwest and southeast, respec¬ 
tively, of the Pachmarhi hills. He is in particular impressed with 
the possibility of a hidden coalfield in the low ground immediately 
north of Hasdiwari and south of Delakhari. The strata in this area 
are unfortunately somewhat interrupted by the great masses of 
intrusive dolerite of Deccan Trap age which are there very conspicuous. 

Tho hard sandstones forming the anticline seen a mile south of 
Tindi near Khairi, 10 miles west of Mohpani, are thought possibly 
to be associated with the coal measures of the south Narbada Valley ; 
if so the area may be w orthy of prospecting. Dr. Fox is of the 
opinion that the numerous bore-holes which have been put down 
near Gotitoria have proved little, and that ihe location of some 
of the boro-hole sites in this area were not as wisely chosen as they 
might have been. He is unable to agree with the view r that the 
coal seams which w r ere found further to west near Bagra and again 
near Lokartalai are in strata of the Jabalpur beds. His opinion 
is the same as that originally held by Mr. W. T. Blanford and 
supported by Mr. J. G. Medlicott: it was subsequently discarded 
by Mr. H. B. Blanford. This view is that these eoal seams are in 
strata of Damuda age and possibly the equivalent of the Barakar stage. 
Although these coal-seams belong most probably to the same series 
as those of Mohpani, they are much thinner ; the coal, moreover, is 
of poorer quality and may prove incapable of profitable exploitation. 

The conclusions that the upper Gondwana rocks of this region 
are much thinner in total amount and form a repeated series of 
different varieties of sediments of nearly the same age, have been 
supported by the traverses made by Messrs. H. Crookshank and 
A. K. Banerji and also by the discovery of old field maps by 
Dr. V. Ball. These conclusions agree w r ith the original opinions 
expressed by Mr. J. G. Medlicott previous to the drastic revision 
instituted by hiB brother. 
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The present view is that the topmost sandstones of Tamia and 
the southern part of the Pachmarhi hills are the same as those 
capping the highest hills south of Mohpani which have been called Jab¬ 
alpur beds. The banked conglomerates and limestones of the Bagra 
beds are a shore facies of the sandstones and red and variegated 
clays of the so-called Denwa stage and that these again are equi¬ 
valents of the Motur Stage. There is a great variation in the 
proportion of sandstones to red clays in the Denwa-Motur group 
as these beds are traced southwards and south-westwards from 
the Anjan gorge south of Fatehpur. Sometimes the clays are 
more abundant, as around Jhispa and in the Dudhi Valley be¬ 
tween Khapa and Bamani; in other cases the clays are very sub¬ 
ordinate, as in the northern part of the Pachmarhi hills south 
of Singanama. 

Below these beds there are further clays and sandstones, such 
as those of north Delakhari; these are probably the equivalents of 
the Alimod beds and possibly the representatives of the Kamthi 
beds of Nagpur and the Panchets of the Damuda valley. 

Under these strata occur the Bijori beds, which are identifiable 
with the Raniganj Stage of the Bengal coalfields. There is, then, 
some obscurity in the succession owing to lack of exposures, and to 
the overlap of the Motur facies of the Denwa. The next beds seen 
are the coal measures of the Pench valley, etc. ; these lie on the 
Talchirs. 

The field work shows that there must be a considerable strati- 
graphical break between the Damuda and the Mahadeva series in 
the Satpura basin, particularly along the margins of the basin 
both to the north and south. The younger beds have been more 
completely removed by denudation along the south of the basin, 
possibly because theso beds were thinner in the south, and thus 
the old rocks are better exposed. 

The coal seams appear to be best developed in the middle strip, 
from north to south, about 15 miles wide from Mohpani to Jamai. 
To the east as well as to the west the seams become thinner and 
appear to deteriorate in quality as a fuel. 

The general structure from north to south is that of a basin 
but the beds have been subjected to some compression as there are 
three or four anticlinal axes trending 75° E. of N.—75° W. of S. 
There are several faults parallel to the same direction; most of 
these throw down to the south but there are strong main faults 
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in the north and in the south which appear to throw the beds down 

to the north. 

There is also a general low dip to the east and to th** west from 
a N. and S. line trending through the Pachmarhi hills The whole 
of the Gondwana strata have a tilt to the north and this is the most 
conspicuous feature, Talchir beds being found at an altitude of 
2,500 feet along the southern margin and similar beds at 1,200 
feet along the northern margin of the basin. 

Mr. A. K. Banerji, on his return from deputation in London, 
was directed to join the Coalfields party in February and was given 
tho Mohpani coalfield to re-survey. This re-survey has demonstrated 
the excellent nature of the original investigation carried out by 

Mr. H. B. Medlicott in 1869-70. The area is complicated in struc¬ 
ture and large-scale maps would be necessary to elucidate all the 
minor details of folding and faulting. From a commercial point 

of view it is doubtful whether the preparation of such maps would 
be justifiable in view of the disturbance to which the beds have 
been subjected. No fresh discoveries of workablo coal have been 
made and the question of the northward extension of the coal¬ 
bearing series beneath the Narbada alluvium has yet to be answered. 
Mr. Banerji is inclined to believe that, since the general structure is 
that of an anticlinal flexure, such a hidden extension to the north 
is probable but that it is very unlikely to extend to any distance. 

The Shahpur coalfield comprising the area of Baiakar rocks in 
the northwestern part of the Betul district of the Central Pro- 

Shahpur coalfield, Betul vinces, was re-investigated bv Mr. Gee. Up to 
district ; Central Pro- the present efforts to exploit the area have met 
v,nce8 ' • with very limited success, but it vould be unfair 

to judge from past results since no attempts to prove the succession 
by boring have been carried out. Efforts appear to have been 
concentrated—in most cases in ignorance of the geological structure 
of the seams--on the sinking of a number of diggings within a 
very short distance of a coal outcrop observed in the bank of a 
neighbouring stream-course. Such primitive attempts, regardless of 
the damage done to the seams by flooding during the rains, have 
not unexpectedly met with little success; many of them were 
inaugurated during the boom season of 1919-20, and the workings 
have fcince been abandoned. 

A previous survey of the field was carried out by Mr. Medlicott 
during the field-season of the year 3875 and, during the present 
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inspection, no great differences as regards the extent of the various 
divisions of the Lower Gondwana rocks of the area were encountered. 
It was from the point of view of the structural details within the 
fiold that the conclusions arrived at wore at variance with those of 
Mr. Mcdlicott. 

The strata on the whole dip to the north or north-east at a low 
to moderate angle, but their present extent at the surface is governed 
mainly by the numerous faults which traverse the area. Two 
systems of faulting occur; an east-to-west series together with 
a number of cross-faults cutting these obliquely from north-west to 
south-east. The throw of these faults appears to vary rapidly so 
that they affect considerably the horizon of the outcropping strata 
along the line of faulting. 

A very close connection appears to exist between these vertical 
displacements and the basalt and doleritc intrusions which in¬ 
tersect the area, the main dykes following very closely the lines 
of faulting. The occurrence of tracts of ferruginous, silicified, and 
quartz-veined sandstones in similar intimate association with the 
intrusives and with the faulting of the field, was noted. 

The succession of the Gondwanas represented in and around 
the Shahpur coalfield include types ranging up to the Motur horizon. 
The Talchirs rest against the Archaeans of the highlands to the 
south. In some instances they pass conformably up into the 
Barakar division, but in many cases the two series are separated 
by faulting. The Barakar strata include a lower horizon of transi¬ 
tional beds in which thin coal-seams occur ; these are followed by 
mass-grey felspathic sandstones and grits, in the upper part of which 
several coal-beds are included. The BaTakar sandstones pass up¬ 
wards into a series of moderately soft greenish sandstones which give 
place above to true Motur types, in which red and green clays contain¬ 
ing calcareous nodules are intercalated. These strata are all well 
exposed in the Tawa River and its tributaries. 

No boring records being available the only source of information . 
regarding the coal-seams of the field is the limited surface outcrops 
which occur. In the eastern, Dnlahra, portion of the coalfield five 
seams ranging up to 5f feet in thickness are observed in the Tawa 
River and in the diggings to the north. The thicker seams include 
bands of shaly coal and are of very poor quality ; the lower seams 
of 2\ feet and 2\ feet in thickness show an improvement, contain¬ 
ing only about 20 per cent, ash, Two thin Seams were met witji 
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in the lower Barakars near the Machna tributary a short distance 
♦from Shahpur ; whilst in the same river-section two other coal-seams 
about 3 feet in thickness, and apparently of better quality, were 
seen in the upper Barakars. Again, at Gurgunda in tho western 
part of the field a 6-foot seam, including a band of shaly coal had 
been worked for a short period. The outcrops of the coal are 
therefore not very promising, though it is possible that investigations 
by boring might bring to light other workable seams. 

The Gajandoh coalfield in the Chhindwara district, about 2 miles 
north-north-east of the town of Umreth, was inspected by Mr. 

Oalandoh coalfield. E - R Gee - Here the Barakas crop out over 
Chhindwara district ; an area of about iVth square mile. To the south 
Central Provinces. the Archaean granites and gneisses are faulted 
down ^against the coal-bearing series ; while to the north-east and 
west a thin strip of red Motur clays followed by basalt lava-flows 
rests on these lower Gondwana beds. The Barakars are represented 
by massive sandstones with grev shales. One coalseam outcrops 
in the Thaonri, just north of the boundary fault; this had been 
dug from a short cutting which is now flooded, and only one foot 
of the seam was visible. The seam dips at a fairly steep angle to 
the north, but there is evidence of a decrease of the inclination as 
we go northwards away from the fault. 

The sandstonos quarried at Bairam neaT Ellichpur were examined 
by Mr. Gee who describes them as medium-textured and gritty grey 
, , felspathic types some of wdiich resemble in 
Provinces. lithology many of the typical Barakar sand¬ 

stones associated with the coal-seams. They 
however contain no carbonaceous bands, though purple argillaceous 
intercalations occur in the upper part of the succession. In these 
higher horizons they pass into conglomerates containing red jasper 
pebbles. Resting apparently conformably on this arenaceous series 
are thicker purple clays, followed by a purple-grey limestone of 
infra-trappean horizon. It is therefore strongly suggested that the 
sandstones belong to the higher Gondwana horizons, probably corre¬ 
sponding to the KamthiB of other areas. 

The tract of Gondwana strata known as the Patakhera coalfield 
in the south-eastern portion of the Betul district, forms a conti- 
# nuation to the east of the Shahpur coalfield, 
Central Province*.^ * and was inspected by Mr. Gee. The Talchir 
beds crop out to the south of the Lodardeo* 
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Rawandeo ridge as far east as the village of Bagdona. To the 
south they rest on the gneisses of the Ranipur-Gatakhera tract. 
They include the same succession as in the Shahpur field, the 
conglomerates of the lower part of the series being well-exposed in 
the Phopas and neighbouring stream-courses and including boulders 
which appear to be definitely striated. 

To the east those Talchir beds pass, usually quite gradually, 
up into the Barakar beds which outcrop in the Ranipur Forest. 
A few thin coal-seams occur just to the cast of Bagdona, and these 
appear to come in in the lower Barakar horizons. But in the Patha- 
khera Nala several seams of workable thickness crop out, including 
one seam 10 feet in thickness ; the dip, however, in this stream is 
as steep as 50°. 

To the north of the Barakar beds, which appear to be partially 
repeated by an east-to-west fault, softer greenish types crop 
out with no included carbonaceous bands. A coal-seam again 
crops out in the Tawa River to the north of the tract, to the south 
of Jungikhapa. Just south of this coal-outcrop a trap dyke can 
be traced discontinuously right across the tract following an east- 
to-west direction, and marks the line of a second fault, causing the 
incoming of the Barakar beds to the north, evidenced by the coal- 
seam of the Tawa River. 

The eastern boundary of the field also appears to be a faulted one, 
the fault following the Tawa as it flows northwards past Bichhwa. This 
fault brings the Pathakhera Barakars against the Talchirs to the east. 

In the Lodardeo-Kilandeo area the post-Barakar sandstones and 
intercalated clays were found by Mr. Gee to be largely represented. To 

Lodardeo-Kilandeo eaH ^ ^ ll ^ a ^ ra coa lh e fd, and again in 

area; Central Provinces. the Tawa River to the north-west of the coal 
outcrop south c f Jungikhapa, a series of greenish 
sandstones with very thin carbonaceous intercalations occur. Above 
these beds rest the typical Moturs with bands ot red and green 
clays. These are well-exposed to the north of the Tawa River 
around Ghogri, and in the Dagdaga Nala, and cover a part of 
the area previously mapped by Jones as Barakar. Above these 
clay horizons thick sandstones are well-exposed in the hillslopes 
up to Kilandeo Peak. They vary in type, a yellow siliceous fine¬ 
grained variety being prominent. 

In the foot-hills of the Bamhanwara-Khapa area the uppermost 
Talchir sandstones ere prominent. Evidence of spiall faults causing 
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their repetition to the north were observed by Mr. Gee in the rftream- 
Bamhanwara h a courses these hills. In the north-western 
area j Central Provinces, part of the area these upper Talchir beds appear 
to be faulted against the post-Barakar strata by a 
displacement down-throwing to the north. In the streams to the 
north-west the Barakar beds including several thin coalseams crop 
out above the Talchir series. Faulting, usually in the vicinity of 
trap-dykes, has affected the outcrops of these beds in various ways. 

In November 1924, Dr. Fermor, wh le visiting the North Arcot and 
Salem districts in the Madras Presidency in order to assist 
North Arcot district* ^ r * Vinayak Rao with certain difficulties, took 
Madras ; and Kolar, the opportunity of examining, under the 

Mysore. guidance of Mr. T. Pryor, mining adviser to 

Messrs. John Taylor & Sons, the conglomerate belt that stretches 
from Kolar into North Arcot, and concerning the nature of which 
there does not yet appear to be complete agreement amongst 
geologists. Dr. Ferrnor found that in the Bisanattdm Nala this 
belt provides good evidence of autoclastic phenomena. An acid 
tongue, regarded by the Mysore geologists as belonging to the 
Champion gneiss, projects into hornblendes schists of Dharwar age, 
xenoliths of which are found in the gneiss, proving thereby the 
intrusive character of the gneiss. This gneiss has been crushed with 
the production of a pseudo-conglomerate consisting of ‘ pebbles ’ 
of gneissose granite, and sometimes of xenolithic hornblende-schist, 
in a more schistose gneiss matrix. In one place the gneiss has 
been crushed throughout to a fine-grained schistose gneiss with 
occasional “ pebbles ” of less crushed gneiss. In another place 
exposures are seen of granite veins injected lit-par-lit into hornblende- 
schist, the granite often swelling into lenticles in the manner so 
often seen with acid intrusive veins. Such an occurrence seems 
specially bable to conversion into an autoclastic conglomerate, and in 
another exposure this is seen to have happened ; the lenticular swellings 
have become most deceptive “ pebbles ” and “ boulders ” with 
the thinner connecting portion of the granite squeezed out, leaving 
acid “ pebbles ” in a matrix of hornblende-schist, a result almost 
the reverse of that noticed above, in which the “ conglomerate ” 
showed acid and basic “ pebbles ” in an acid matrix. All stages in 
the formation of these conglomerates are to be foi nd in the Bisa- 
nattam Nala, whose fine set of exposures support in no smalj 
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measufe the view held by the Mysore Geological Department as to 
the autoc/astic nature of the Kolar conglomerate belt. 

Dr. Fermor and Mr. Vinayak Rao also visited Sakrasanhalli 
some 4 miles S. S. W. of Bisanattam station and in the Kolar district 
of Mysore State ; at this locality there is an occurrence of black 
manganiferous marble with associated manganese-garnet rocks, 
which in the opinion of Mr. Jayarara of the Mysore Geological 
Department may, with certain other rocks, belong either to a lower 
division of the Dharwars than has hitherto been recognized in 
Mysore or to a still older series. Dr. Fermor observed a close 
resemblance between these rocks of Sakrasanhalli and members of 
the Sausar series in the Central Provinces : and should detailed 
stratigraphical work confirm Mr. Jayaram’s suggestion concerning 
the position of the rocks of Sakrasanhalli, this will agree with the 
suggestion previously advanced by Dr. Fermor that, if the 
hornblende-schists of the two areas can be correlated, the majority 
of the Dharwars- now called the Sausar series of the Sausar tahsil 
must be regarded as older than those hitherto described from 
Mysore. 1 

Rao Bahadur M. Vinayak Rao continued his survey of North 
North Arcot and Arcot and Salem in Madras on standard sheets 
Salem, Madras. (1 incli =1 mile) Nos. 57 , ii, -L and — . 

No representatives of the manganiferous marble observed in the 
neighbourhood of Sakrasanhalli were noticed to the south, but about 
2| miles south of the Samalpatti railway station on the South Indian 
Railway thin bands of limestone—some of them better described as 
of marble extend for a distance of about ten miles, and may be 
correlated with the manganiferous marble. These would thus form 
the oldest rocks of the Dharwars in this area. According to 
Mr. Vinayal Rao some of the limestones approach in composition the 
calc-granulites of the Chhindwara district, Central Provinces. 
Hornblende granites were found to be among tho earliest intrusives 
in the Dharwars. 

In the neighbourhood of Krishnagiri in tho Salem district there 
occur bands of an even-grained pink granite which is intrusive in 
the older gneisses. They are probably of the same age as tho Closcpet 
granites of Mysore and the Bellary granites. 


1 Rcc . Qcol.'Surv. Ind vol. LUI, p. 23. 



Part 1.] General Report for 192&. $3 

The Javadi Hills east of Vaniyambadi in the North Arcot district 
probably formed part of the Mysore plateau. The Palar valley, 
which separates them, is thought to have been formed during the 
intrusion of the charnockites in th s area. The chamockites are 
found as thin bands on the Mysore Plateau, and do not appear to 
extend north of the latitude of Bangalore. s 

The conglomerates in the Dharwars east of Bisanattam railway 
station are considered by Mr. Vinayak Rao to be autoclastic con¬ 
glomerates. 


Dr. A. M. Heron, in charge of the Rajputana Party, while on his 
way to inspect the work of Messrs. A. L. Coulson, E. J. Bradshaw 

Raj utaua and B un( li State, took the 

opportunity of mapping, with the assistance of 
Sub-Assistant B. C. Gupta, the country adjoining the Great Boun¬ 
dary Fault of Rajputana (in standard blieets, Central India and 
Rajputana 203, 231 and 235). 

The rest of the season was occupied by him in the geological 
survey of standard sheets, Central India and Rajputana Nos. 171, 
204, 205, and 200. Portions of thebe, included within the States 
of Gwalior and Tonk (Nimbuhera pargana) had previously been 
surveyed by Mr. 11. C. Jones befoie the war, and are included in 
the following description. 

A novel feature of this area is the manner in which the strike 
of the rocks, which, throughout Rajputana north of a line drawn 
from Udaipur City to Chitorgarh, is almost in\ariably N.E.-S.AY., 
here swings through N.-S. to N.W. S.E., almost as if the western 
lobo of the great Vim ill van plateau, on the extreme west of which 
is built the famed fortress of Chitor, had formed a block around 
which the older formations had been bent, the Great Boundary 
Fault itself being also concentric to this curvature. 

The oldest rocks appear to bo an assemblage of shales, slates 
and phyllitos; these arc lithologically similar to, and are con¬ 
tinuous along tho strike through the Bundi State with rocks which 
in southern Jaipur were tentatively attributed lo the Gwalior 
system by Dr. Heron. (Mem. Geoh Surv. Ind., vol. XLV, pt. 2, 
pp. 138-145.) Evidence is accumulating that these so-called 
Gwalior rocks pass gradually into the highly altered Aravalli types 
in the direction perpendicular to their strike, by increase of meta¬ 
morphism as the centre of the ancient Aravalli range is approached. 
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Near the Great Boundary Fault they are shales, but, as they are 
followed to the west or north-west away from the fault and across the 
strike, they first assume a simple cleavage without mineral modifica¬ 
tion and then become successively phyllites with veins of intrusive 
quartz, chlorite and muscovite schists with etaurolite and finally 
garnetiferous mica-schists with pegmatite veins in lit-par-lit injec¬ 
tion—composite banded gneisses. It thus appears possible that 
the lower, argillaceous division of the so-called Gwaliors of southern 
Jaipur are, as Dr. Heron at first believed, unaltered Aravallis, 
which have escaped metamorphism owing to their remoteness from 
the core of the ancient range. 

In the Jaipur area these beds are succeeded upwards conformably 
by a series of quartzites (the Ranthambhor quartzites) interbedded 
with the shales and dolerite sills, which have a considerable resem¬ 
blance to the true Gwaliors of the type area. These also have iheir 
representatives in the present area, at Mandalgarh and Bari Sadri, 
in large synclines of ripple-marked, pebbly quartzites; they have 
been mapped by Hacket as Vindhyans and Delhis, but they 
resemble neither and are conformable on the underlying shales and 
slates. 

Large expanses of a medium-grained pink granite, the ferro- 
magnesium component of which is secondary chlorite, and which is 
devoid of pegmatite veins, interrupt the slate areas. This is distinct 
from the post-Delhi and post-Aravalli (pre-Delhi) granites of northern 
Rajputana. Its exposed contacts with the slates are few, but, 
where seen, there is great mechanical disturbance of the slates 
without any metamorphism, and in no case was a trace of 
basal arkose or conglomerate seen. The balance of probability is, 
according to Dr. Heron, that the granite is intrusive in the slates. 
Both are traversed by dykes and, in the slates, by sills of olivine 
dolerite altered in places to epidiorite. 

The granite itself has suffered pressure metamorphism towards 
the west and the Berach River bed affords an admirable 
demonstration of its gradual transition into a grey, slabby gneiss. 
Slates, granite and dolerite are but poorly exposed, and excavated 
material from wells which pierce the alluvial mantle has often to be 
relied on for their mapping. 

Rising boldly above the plain are numerous steep ridges of 
massive white quartzites (sometimes quartz grits), seldom showing 
bedding, but seen under the microscope to have been a true sedi- 
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mentary sandstone composed of rounded quartz grains, with secon¬ 
dary quartz in optical continuity with that ot the grains, filling 
the interspaces to form a mosaic. These quartzites are quite 
distinct from the Mandalgarh and Bari Sadri quartzites. 

The abundant and highly resistant d6bris which they shed conceals 
most effectually their junctions with the slates around their 
bases. In one or two favourable sections, however, apparent 
complete discordance was observed by Dr. Heron, not however as 
if the quartzites lay with an erosion unconformity upon the slates, 
but as if they were inset at a high angle into the slates, an 
attitude which Mr. Middlemiss has noted in Idar. 1 

The apparent dip of the slates is, however, merely a cleavage 
dip, almost invariably at high angles to the W. or N. W., and the 
true stratification, rarely visible, may be at any angle to the cleavage. 
Despite these deceptive appearances to the contrary, it is believed 
that the white quartzites are conformable members of the same 
sequence as the slates. 

The manner in which such quartzites “ make and break,” ending 
abruptly and appearing again suddenly along the strike, is a puzzling 
commonplace in such regions. In few cases can it be explained 
by the concealment of missing portions under alluvium, by normal 
dip-faulting or by the quartzites being the roots of synclines or 
crests of anticlines closely compressed and steeply pitching. The 
phenomenon is believed by Dr. Heron to be due to disruption and 
actual moving apart of the quartzites in a plane perpendicular to 
the direction of tectonic pressure, the slates being forced between 
the separated sections. Wedge-faulting (schuppcnstrnktvr) may also 
have contributed, by cutting out the quartzites in some places, and 
in others duplicating them. 

Four miles west of Barundni shales lie with an indubitable 
erosion unconformity upon the granite, and N. and N. W. of Chitor 
quartzites and arkose grits have the same clear relationship to it, 
but it is quite uncertain that these rocks are of the same age as the 
Gwaliors or Aravallis above described—there is a possibility that 
they are younger. The quartzites near Chitor rest, with a basal 
arkose and conglomerate, on granite to the east, and dip westwards 
under slates, the various beds of quartzite ending abruptly en 
echelon against slates, in a way which indicates wedge-faulting. 


iMem . Oeol Surv. M., vol. XLIV, pt 1, pp. 75, 109-111. 
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In the south of the area inky-purple grits and greywacke, 4 ‘the 
Khardeola grits, ” rest with a somewhat obscure unconformity 
upon the slates, having at places along the supposed unconformity 
a thin, basic, devitrified vesicular lava, the “Khairmalia amygdaloid.” 
As the Khardeola grits appear to be free from dolerite intrusions, 
Dr. Heron believes that the Khairmalia amygdaloid is the effusive 
representative of the dolerite hypabyssals. 

The next formation is the buff, or more rarely grey, “ Bhag- 
wanpura limestone,” which extends north and south through¬ 
out the area in a broad band, overlapping both the Khar¬ 
deola grits and the underlying slates, quartzites and granite. 
It is full of chert and quartz, and the unconformity at its 
base is locally marked by bands of rounded pebbles of quartz, 
jasper, quartzite and more rarely granite, with much of the 
angular quartz d6bris produced by the disintegration of granite. 
Owing to the obscurity of the dip, the thickness of the lime-stone 
can only be guessed, but is of the order of a thousand feet. At its 
top it passes up into shales, which are however usually concealed by 
the Sawa grit. 

Parallel to the Bhagwanpura limestone band to its east, the 
“Sawa grit” and the “ Sawa shales” form a narrow discontinuous 
ridge. The grit, which is mainly composed of subangular chert 
and white quartz fragments, lios vsith a recognizable but not violent 
unconformity upon the Bhagwanpura limestone, with outliers upon 
the older series, and passes up conformably into the Sawa shales, 
which are white, siliceous and chert-like. 

The relation of the Sawa shales to the “ Binota shales,” the 
next formation, is doubtful, since the southward extension of the 
Great Boundary Fault seems to pass more or less along their junction, 
and exposures are poor. For four miles along this line, the Sawa 
grit and shales are cut out by the fault, and the Bhagwanpura 
limestone is inverted over the Binota shales by the thrust, resting 
on them at a low angle. 

The “ Binota shales ” are exposed in another noith and south 
band parallel to the Bhagwanpura limestone and the Sawa beds, 
to the east of those, and are in their turn overlapped to the east 
by the Jiran sandstone and the Vindhyans. They are a monotonous 
series of brownish shales, sometimes rather sandy and micaceous, 
with occasional thin ferruginous layers, and are disposed nearly 
horizontally in low rolling folds. 
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The “ Jiran sandstone ”—the 44 Delhi quartzite ” of Hacket in 
his references to this particular area—is 100-200 feet in thickness, 
and in it three zones can be distinguished, the lowest pale grey 
mottled with deep purple, the middle one coloured grey and purple 
in about equal amounts, and the uppermost of a purple colour 
almost to the exclusion of grey. Mear Bari the lowest beds are 
very coarse-grained and have been described by Hacket as conglo¬ 
meratic. The sandstone is disposed in four anticlines and three 
synclines, with their axes running north and south; near Choti 
Sadri they unite to form a plateau in which dips are practically 
horizontal. In the present area the sandstone overlies the Binota 
shales with every appearance of conformity, but eight miles to the 
south, outside this area, a very clear unconformity between the two 
was seen by Dr. Heron, in a group of flat-topped hills near Wardhal, 
the horizontal sandstone capping them, with the shales dipping *to 
the west at 5° in the undercliff. 

In most of the Vindhvan area the Kaimur sandstone with its 
basal conglomerate marks the bottom of the Upper Vindhyans, 
and below this the lower Vindhyans ma> or may not occur, but 
where they do so, there is always a slight unconformity between them 
and the Kaimur. Here the lower Vindhyans proper arc absent, 
but beneath the Kaimur sandstone (there is no conglomerate) more 
than 1000 feet ot beds intervene between it and the base of the 
Vindhyans, in a perfectly conformable sequence, and these must 
be classed as Upper Vindhyans. 

All these strata are folded in the same fashion-—in narrow 
anticlines and synclines w ith north and south axes. The Kaimur 
sandstone forms a bold plateau, with oval outlying patches representing 
troughs of denuded S3 r nclines, on the westernmost of which stands 
the lort of Chitor; the other stratigraphically low T er formations, 
shales and limestone, occupy the level, featureless plain below'. 

At the base of the long Vindhyan succession is the Khori-Malan 
finely conglomeratic sandstone, 30-40 feet thick, lying on both the 
Binota shales and the Jiran sandstone, with occasional large rounded 
boulders. It is a ouriously local formation, occurring practically 
only in the vicinity of Khori and Malan. Elsewhere the purplish 
Nimbahera shales, 150 feet thick, rest directly on the Jiran 
sandstone or the Binota shales; in the latter case it is hardly 
possible to separate them, for they are lithologically almost identical 
and both are poorly exposed. 


H 
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The Nimbahera shales pass upwards into the Nimbahera lime¬ 
stone, through 30 feet of passage beds—reddish-purple limestones. 
The remainder of the limestone, 450 feet in thickness, is pale grey 
with partings of fawn colour, and is thick-bedded in layers 1 or 2 
feet thick—a smooth, hard rock, almost a lithographic Btone. It is 
extensively quarried, particularly round Nimbahera. Sawa and Khori, 
zones more thinly bedded than the normal being favoured, so as to 
yield slabs about 4 inches thick. Jointing is regular, the joint- 
planes running 20°W. of N. and 80°E. of N. approximately ; slabs 2 
or 3 yards square can bo extracted. Where folding stresses have been 
exceptionally strongly felt, a vague cleavage has been initiated 
at an angle to the true bedding. 

The Suket shales succeed the Nimbahera limestone conformably, 
and pass upwards without discordance into the Kaimur sandstone, 
the transition being well seen on the road leading to the Chitor Forf. 
They form the underclifEs to the Kaimur scarps, and a broad belt 
encircling their base, with two long narrow synclines extending some 
miles south from Chitor, folded into the Nimbahera limestone. 
Away from the scarps the Suket shales are considerably puckered, but 
close below the top of the scarp they lie regularly, owing to their 
being protected from crumpling bv the rigidity of the competent 
sandstone above. 

The Kaimur sandstone is a uniformly fine-grained rock, more 
a quartzite than a sandstone, pale grey in colour blotched with 
brownish-purple. Usually it is thick-bedded, while a roughly 
quadrangular jointing gives rise to great vertical monoliths on the 
face of the bold scarps which the Kaimur forms. 

In the extreme south-east, around Neemuch, Deccan Trap, 
with patches of later it e upon it, overlies all the older formations 
and forms fertile plains of cotton-soil. Inliers of the Jiran sandstone 
project in places through it, and outliers of the trap extend for some 
miles north and west from the main expanse as characteristic 
flat-topped hills in which is exposed a thickness of about 50 feet of 
trap, all belonging to the one flow. 

The Great Boundary Fault of Rajputana has now been followed 
throughout its entire visible length, from where it is interred below 
the Gangetic alluvium near Fatehpur Sikri in the north to where 
it disappears below Deccan Trap on the frontiers of Mewar and 
Partabgarh in the south. Its course through the Karauli and Jaipur 
States has been described by Dr. Heron (Mem., Ged. Surv. Ind., vol. 
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XLV, pt. 2, pp. 169-177); Messrs. Coulson and Bradshaw have this 
season traced the portion which lies within the Bundi State, and 
Dr. Heron the remainder lying in the Mewar territory. 

The faulting appears seldom or never to consist of a “ clean-cut 
thrust,” but usually comprises several planes of movement, some¬ 
times diverging widely, with large blocks of unfractured country 
between; in other places it is a band of shearing and crushing. 
As shewing an example of the latter the “ Datunda quartzite” of 
Hacket may be cited. This extends as a ridge, varying greatly in 
height and in width, from south of Bundi City to beyond Mandalgarh, 
between the Vindhyans on the south-east and the Gwalior shales 
on the north-west. It appears to be merely a line of wedges of 
shattered lower Bhander sandstone included in the fault. Along 
this portion of the fault it is usually the Lower Bhander 
sandstone or the Lower Bhander limestone which adjoins it to the 
south-east. From Mandalgarh to Chitor, the fault is no longer 
parallel to the general strike of the Vindhyan folds, but oblique 
to them, so that various members of the Vindhyan scale abut in 
turn against the Gwaliors or the granite. 

At Chitor the fault takes a southward trend and leaves the 
Vindhyans, passing, as far as can be ascertained in poorly exposed 
strata, just to the east of the Sawa grit and shales, which are in 
consequence much crumpled and frequently inverted, but much 
of this section has to be guessed at. 

The survey of Bundi State, Rajputana, commenced in the 
previous field season, was continued uninterruptedly until its 
completion a.t Lakheri by Mr. A. L. Coulson. 
tana. **** * * PU Sub-Assistant B. C. Gupta assisted Mr. Coulson 

in the survey. Dr. Heron, Mr. Bradshaw and 
Mr. Gupta joined up witli Mr. Coulson towards the end oi 
December, and sections au Datunda, Sarorda, etc., were inspected by 
Dr. Heron during this period. Mr. Bradshaw and Mi. Coulson 
worked witli joint camps for certain poriods. 

In tabular form, with the youngest deposit above, the rocks 
present in the area are as follows :— 

0. Recent and Sub-Reoent (Alluvium, etc.) 

B. Upper Vindhyang. 

II. Upper Bhander Shales and Grits. 

Upper Bhander : ^ 10. Upper Bhander Limestone. 

9. Upper Bhander Sandstone. 
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"8. Sirbu Shales. 

7. Lower Bhander Sandstone. 

Lower Bhander ; * 6. Samria Shales. 

5. Lower Bhander Limestone. 

^4. Ganurgarh Shales. 

Upper Rowa : 3. Upper Rowa Sandstone. 

Lower Rewa : 2. Jhiri and Panna Shales and Lower Rewa Sandstone. 

Upper Kaimur : 1. Kaimur Sandstone and Conglomerate. 

A. Gwaliors. 

The basement rocks of the area—which comprises parts of survey 
sheets, Central India and Rajputana (1 inch = l mile) Nos. 234, 265, 
266 and 294—are more allied to the Gwalior than to the Aravalli type, 
though it is still uncertain what the relationship of the Aravallis to 
the Gwaliors really is or, indeed, whether the two are really distinct. 

The Gwaliors consist of limestones, phyllites, shales, sandstones, 
quartzites and greywacke, with intrusive reef-quartz, pegmatites 
and, to a lesser extent, trap. A boulder bed has been recorded 
in the Gwaliors at Dhaneum. 

The Upper Vindhyans rest unconformably upon the Gwaliors 
and in no case was pegmatite found intruding the Vindhyan rocks. 

The basal bod of the Upper Vindhyan is the Kaimur conglo¬ 
merate, and upon this is the Kaimur sandstone, the only two members 
of the Kaimur division of Mallet represented in the Bundi area. 
The Kaimur conglomerate contains pebbles of white reef-quartz, 
red and black jasper, fragments of shale, sandstone and felspar and 
also white and black chert. The Kaimur sandstone has a distinct 
reddish colour. Definite sandstone and conglomerate were found 
in the Gwaliors in the extreme southwest of Dr. Heron’s map of 
South-Eastern Rajputana, and Hacket’s Kaimurs have had to be 
reduced by Mr. Coulson to one-third of their amount. The average 
thickness of the conglomerate is about 6 to 8 feet and that of the 
sandstone 100 to 120 feet. 

The Panna and Jhiri shales are persistent, if somewhat thin 
beds, whilst the Lower Rewa sandstone is very sporadically developed. 
This last is usually a light-coloured flaggy sandstone. The thickness 
of the Jhiri shales varies to a maximum of 100 feet. The upper 
beds of the Jhiris contain limestone bands. 

The Upper Rewa sandstone attains a thickness of 300 feet and 
is best developed near Bundi. Towards the north-east, it becomes 
calcareous and definite limestone bands appear in the rock. 



Part 1.] 


General Report for 1925. 


101 


The Ganurgarh shales attain a thickness of about 600 feet. 
Associated with the shales are very definite limestones and quartzites 
which hitter are best seen near Lakheri. 

The Lower Bhandor limestone was found by Mr. Coulson to be 
the most important zoning division in the Upper Vindhyans. 
Characteristically it is from 200 to 300 feet thick, a thin-bedded 
grey-blue, pink, or purplish rock. It shows very little crystallisation 
and its chief impurities are quartz and iron-oxide. Mr. Coulson 
notes that it appears to have been deposited from calcareous 
solutions under marine conditions, either before the dawn of life 
or under conditions which did not permit of the preservation of 
organic remains. No fossils have been found in the stone though 
it is ideally suited for their preservation. It is at present being 
extensively worked for lime and cement by the Bundi Portland 
Cement Works at Lakheri; numerous analyses show that the 
limestone is eminently suitable for the manufacture of cement. 

The Samria shales, so named by Kishen Singh from their occur¬ 
rence at Samria in Mewar, overlie the Lower Bhander limestone. 
They form a thin and impersistent member* though at times developed 
to the extent of 100 feet or so. The upper part of the shales some¬ 
times contains a thin, hard, dark buff, limestone. 

The Lower Bhander sandstone is the most strongly developed 
member of the Upper Vindhyans and attains a thickness of about 
2,600 feet. It, like the Kaimur and Bewa sandstones, would be 
more properly termed a quartzite. The lower beds are usually 
fine-grained and red ; these are followed by a grit, and this by a 
very hard white quartzite which resembles white reef-quaitz. 

The Sirbu shales were found to have a total thickness of about 
500 feet; associated with them are definite limestones w r hich, 
however, are usually more shaly than the Lower Bhander limestone. 
They are fissile shales with a good cross-jointing but the same may bo 
said of all the Upper Vindhyan shales. 

The Upper Bhander sandstone was found by Mr. Coulson only 
in the extreme north-east of Bundi State. Its total thickness is 
about 80 feet or so. It conformably overlies the Sirbu shales of 
the Lakheri area and has always been considered as the highest 
member of the Upper Vindhyans. In Bundi, however, this sandstone 
is conformably overlain by a limestone and this again by a strong 
series of shales and grits. The names of Upper Bhander Limestone 
find Upper Bhander Shales have been given to these new stages. 
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There can be no question of the conformity between these stages 
as many sections may be seen in the various river beds. 

The Upper Bhander limestone is a very fine-grained rook with 
usually a secondary and coarser crystallisation of calcite. It breaks 
with a conchoidal fracture and usually shows concretionary mark¬ 
ings. The limestone has practically no overburden and so can be 
easily worked. It is at present being quarried for lime. An analysis 
of the rock shews fewer impurities and slightly more magnesia than 
the Lower Bhander limestone. 

The Upper Bhander shales vary little from the othefr shales of 
the Upper Vindhyans. At their to]), however, there are a few grits 
and sandstones with interbedded shales. 

Alluvium covers a great area to the south of the Vindhyan ranges. 

The general strike of the area coincides with that of the Gwaliors 
to the north-east, i.e ., N. E. to S. W. The same tectonic agencies 
which caused the folding of the Aravallis, Delhis and Gwaliors, 
persisted to the close of the Vindhyan epoch. The folding is no 
doubt to be regarded as the effect of pressure from the north-west 
against the shield of peninsular India. 

The Great Boundary Fault was followed by Mr. Coulson through 
Bundi for about 70 miles and continues into Mewar for a further 
distance of 80 to 90 miles. It has been considered as a reversed 
fault with a throw to the north-west, usually faulting the Gwaliors 
against the Lower Bhander sandstone, and responsible for the 
metamorphism of the Datunda quartzite. Where this quartzite is 
formed from the lower Bhander sandstone, the boundary fault is 
considered to be of the nature of several parallel faults. There are 
other great faults in Bundi, viz., that of Motipura, the Ramgarh horse¬ 
shoe fault, the Indargarh-Bundi fault, etc. The area to the south¬ 
west of Bundi has not been so disturbed and the strata gently 
undulate in synclines and anticlines. 

After completing the survey of Bundi, Mr. A. L. Coulson 
Sirotai State; Rajpu- commenced the survey of Sirohi State in March. 
tana ' In all, some 255 square miles were geologically 

surveyed, some 77 square miles of which constituted the Mount Abu 
area, the remaining 178 being in the east of the State, bordering 
Jodhpur and Mewar (portions of sheets, Central India and 
Rajputana, Nos. 96, 97, 118, 119, 1 inch=l mile). The rocks 
shewed a marked similarity to the rocks noted in the istimran estates 
of Ajmer. (Rec., Qed. Surv. Ind., vol. LVIII, pp. 66—68, 1925.) 
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As in that locality rocks resembling both Aravalli and Delhi 
occurred. 

The fundamental schists have been provisionally referred to 
the Aravalli system. They are so profusely intruded by basic 
rocks, gneiss, granite and pegmatite that an enormous Variety of 
types has resulted. Generally, according to Mr. Coulson, there are 
two classes, ono in which there has been a relatively small influx of 
material and in which the resultant rock is the normal product of 
the metamorphism of the ancient argillaceous rocks, e.g ., biotite- 
schists, etc. ; the other, in which so great a quantity of extraneous 
material has been intruded that the product can only be called 
a schist for purposes of mapping. Simple silicification gives mica- 
quartz-schists, but where there is abundant pegmatite, the resultant 
rock, with the pegmatite as discontinuous entities, resembles a gneiss 
to some extent. 

The calc-rocks cover some 42 square miles and are of economic 
importance. They are usually impure limestones with biotite, 
quartz, muscovite, iron-oxide, apatite, zircon and sphene as im¬ 
purities. Dr. Heron has noted the possibility of their being the 
equivalent of the “ Has ” limestones (Archaean or Aravalli). They 
vary greatly in hardness and mineral contents, and are intruded, 
though to a lesser extent than the schists, by the amphibolitic 
rocks. 

The basic intrusive series intruding the calc-rocks and the schists 
comprise epidiorites, hornblende-schists, pyroxene-granulites, am¬ 
phibolites, etc. They all appear to be pre-Gneiss in age; in the 
Ajmer istimrari estates, some dolerites were post-Gneiss but dolerites 
have not been recognized in this area. 

There is a great resemblance between the gneiss of the plains 
and that of Mount Abu. The Abu gneiss varies greatly mineralo- 
gically and texturally but the usual type is a biotite-gneiss. It 
contains innumerable basic xenoliths of amphibolites, which have 
made the gneiss slightly more basic than that of that plains. 

There is a large outcrop of some 8| square miles of granite near 
Waloria stretching into Mewar. It differs markedly from the 
gneiss in that the dominant felspar is orthoclase instead of micro- 
cline and in the presence of vertical jointing, which gives rise to 
physiographical features different from the rounded tors of gneiss. 
Dr. Heron considers it to be the same as the “ Berach ” granite. 
In no place could the granite and gneiss be found together. 
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The quartzites are interesting in that they are of metasomatic origin. 
In only a few places have they conformable relations with the 
schists, etc. Their boundaries, as a rule, run haphazard across the 
schists and calc-rocks. They appear to be derived from the solu¬ 
tions which accompanied the pegmatites of both gneiss and granite, 
into which pegmatites they sometimes pass uniformly. A brec- 
ciated quartzite was foimd at Sanwara, shewing faulting to have 
taken place after their formation. The pegmatites belong both to 
the gneiss and to the granite. The usual minerals found in them 
are quartz, felspar, garnet, tourmaline, muscovite, etc. 

The first portion of the field reason was spent by Mr. E. J. 

Mcwar State ; Raj- Bradshaw in the geological mapping of Bundi 
P«ta. a. State, in company with Mr. A. L. Coulson. 

In the month of March the geological survey of Mewar State was 
commenced, the area surveyed being a portion of that shown on 
map sheets 45^ and f (old No. 234) and 45^ and § (old No. 233), 
and chiefly comprising two groups of ridges which may be termed 
the Jahazpur and Sabalpura hills. 

The rocks are quartzites, arkose grits, slates, phyllites and a 
limestone which is sometimes dolomitic and often cherty. 
A highly ferruginous quartz-breccia persistently accompanies the 
limestone at a horizon which is not always qfuite constant. Its 
origin has been attributed to solution and collapse under the in¬ 
tense pressure from the north-west which has affected all this 
region. 

The “ Jahazpur hills have the great Aravalli gneissic area to 
their north-west, with intrusions of coarse tourmaline pegmatite, while 
slates and garnetiferous mica-schists intervene between them and the 
Sabalpura hills to the south-east. Innumerable intrusions of white 
reef-quartz are a feature of this zone, being probably the ultimate 
phase of the pegmatite. There are also rare dykes of coarse amphi¬ 
bolite. 

In the Sabalpura hills, the rocks are similar to those of the 
Jahazpur hills. The central portion of the former is occupied by 
two separated areas of the dark Aravalli gneissic granite, upon which 
rest, with a clear erosion unconformity marked by a conglomerate 
layer at their base, arkose grits succeeded upwards by the quartzites. 
There are a few bosses of aplite, some rare basic dykes, and 
abundant injections of pegmatite and white reef-quartz in the 
gneissic granite. 
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South-east of the Sabalpura hills lie the rocks of the Gwalior 
system, consisting mostly of shales, slates, and graywack\ Again 
there are abundant intrusions of white reef-quartz. 

Beneath the quartzites of the Jahazpur hills, at Jawal, there 
is a coarse, arkose conglomerate. Similar coarse conglomerates arc 
found elsewhere, but can never be traced for more than a short 
distance. The unconformity seems to be local, and further evid¬ 
ence will be required before it will be possible to decide whether 
it corresponds to the great discordance which occurs between the 
Aravalli and Delhi systems. 

Mr. Bradshaw remarks tha^ the striking features of the whole 
area are the steady north-east and south-west strike, and the 
cleavage dip which is usually steep and to the north-west. It is 
clear that the original structure has been almost entirely obliterated 
and that the present is one which has been impressed on all the 
rocks of the area as a whole by intense stresses from the north¬ 
west. There is evidence that the original dips were low and 
rolling, while the Jahazpur and Sabalpura hills represent isoclines 
greatly extended in the direction of the general strike. The base 
of the rocks involved is visible in the unconformable junction with 
the Aravalli gneissic granite, and possibly in the Jawal uncon¬ 
formity, but their relation to the Gwalior slates and grcywackcs, and 
to the Aravalli schists, is at present uncertain. 

Sub-Assistant B. C. Gupta was engaged in mapping the 
Bundi and Udaipur north-western frontier of Bundi and por- 

States; Rajputaua. tions of the three districts, Mandalgarh, 

Chitorgarh and Chhoti Sadri, of the Udaipur State. W ith a 
general east-north-easterly strike and persistent north-north-westerly 
dip the Upper Vindhyan group is represented in the vicinity of 
Bundi City by the Lower Bhander sandstone, the Samria shales, the 
Bhander limestone, the Ganurgarh shales, the Upper Rewa sand¬ 
stone and the Jhiri shales. In the valley W.N.W. of Bundi City the 
Upper Vindhyans have been folded into a broad anticline with the 
horizontally-lying Ganurgarh shales at the centre. 

The country lying between the Vindhyan belt on the south and 
the Bundi-Jaipur boundary line on the north is, according to Mr. 
Gupta, occupied by older rocks, the prevailing types being shales, 
slates, phyllites, sandstones and limestones, provisionally classed as 
Aravallis or Gwaliors. True mica-schists and the characteristic 
Aravalli gneisses, so common in the area further north-west in Ajmer 
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Merwaia, are conspicuously absent here, and lithologically the rocks 
are more or less reminiscent of the recorded descriptions of the 
Gwaliors of south-eastern Rajputana. 

Work was carried southward along the fault-line marking the 
junction between the Vindhyans and the Aravallis. In the vicinity 
of Mandalgarh city, the Vindhyans, represented by their upper 
members, have been anticlinally folded, the Bhander limestone 
forming the core and the Lower Bhander sandstone the flanks. 
Further west and south on approaching Chitorgarh, othor members 
of the Upper Vindhyan series appear. From Basi (25° 1' : 74° 48') 
southward the older members of the Vindhyan system begin to 
appear, and below the Kaimur quartzite the Suket shales, the 
Nimbahera limestone and the ‘ purple ’ shales appear successively 
in folds with north-and-south axes and low dips. 

On the north and west of the boundary fault in the Mandalgarh 
and Chitor districts Mr. Gupta notes that the ancient shales, etc., 
have been intruded by granites and dolerites as well as by the 
pegmatitic quartz. In the south the eastern portion of the Chhoti 
Sadri area has been greatly covered by the Deccan-Trap lava flows ; 
the country between Ncemuch and Chhoti Sadri contains a number 
of flat-topped trap hills and plateaux, besides innumerable 
patches of laterite. 


Simla Hilt States. 


During the spring of this year work was continued by Mr. W. D. 
West under the guidance of Dr. G. E. Pilgrim in the Central 
Himalayan regions, starting in the Simla Hill 
States. After a preliminary examination of the 
rocks at Solon and Simla, and between these two places along the 
cart road, a traverse was made from Solon to Chakrata along the 
south side of the Chor mountain. 

In many ways the conclusions reached differ fundamentally from 
those held in the past by Medlicott and R. D. Oldham. In parti¬ 
cular the correlation of the rocks above the Blaini at Simla and 
Jutogh with the Krol and Infra-Krol of the type area is doubted. 
These Simla rocks, highly metamorphosed in places, are regarded by 
Dr. Pilgrim and Mr. West as much older than the Krol and Blaini, 
and as having been brought into their present position above the latter 
rocks by at least one recumbent fold, accompanied by over-thrusting. 

Near Dudham (30° 53': 77° 17'), on the north side of the Giri 
River, is a section similar in structure to that seen at Simla. On 
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the south side of the Giri is the normal sequence of Infra-Blaini 
overlain by Blaini, Infra-Krol and Krol. But on the north side the 
Infra-Blaini and Blaini are overlain by a series of quartzites, crushed 
purple conglomerates, and schists (Jagas beds), evidently much 
older. We here have a structure very similar to that seen at Simla ; 
and the fact that the normal sequence is seen so near by is additional 
evidence for regarding the beds above the Blaini as out of place. 
Their greater age is suggested from their metamorphosed nature, and 
they are thought perhaps to be correlated with R. I). Oldham’s 
Jaunsar beds. In the Pervi Nala just north of this spot the Blaini 
beds have been seen lying unconformably upon these beds. 

A still older series of ,rocks—quartzites, slates, carbonaceous 
slates and black limestone—evidently corresponding to Oldham’s 
‘ Carbonaceous series,’ and }>erhaps including the Jutogh lime¬ 
stone, seem to have been thrust over the Jagas beds, and aro them¬ 
selves repeated by much folding. Later work indicated that part 
at least of Oldham's (hakrata limestone is of the ^ same horizon. 
Between Ilaripur and Geruani, on the south-eastern spur of the 
Chor, a big recumbent fold of these beds was seen, and interpreted 
as a syncline opening to the south. 

On approaching the Chor granite the increase of metamorphism 
is at once evident. It is, however, essentially of a regional type, 
and it is thought that the extra heat available, superimposed upon 
the regional stresses, was responsible for the higher grade of meta- 
morphisin. The change is marked by the incoming of the minerals 
muscovite, biotite, garnet and staurolite, in that order on approaching 
the granite, though biotite is not always prominent. The sillimanite 
zone is never reached. The rocks are at first highly schistose, and 
in the higher grades are coarse gneisses. In certain beds, the 
carbonaceous slates, porphyroblasts of ottrelite, or of a mineral 
closely allied to it, are developed ; this mineral comes in before 
garnet, but is also present in the garnet zone. 

The intrusion of the Chor granite is thus regarded by Mr. 
West as contemporaneous with the movements that produced the 
folding and the cleavage of the rocks, and this is supported by 
the fact that the granite is itself often highly foliated. This age 
must be at ieast pre-Blaini, for the latter rocks have been 
brought up by thrusting within the metamorphic aureole, but 
are themselves uumetamorphosed; microscopic evidence confirms 
this view, 
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Further eaBt, near and in the Tons river, is a set of beds which 
are evidently younger than the Jaunsars, but beneath which they 
are now seen; they are possibly Infra-Blaini. In the Chakrata 
district itself sufficient work was not done to justify any definite 
conclusions. The beds by Chakrata and Kailana however appear 
to be of the supposed Infra-Blaini type as seen in the Tons. It is 
also thought that there are at least two limestones of quite 
different ages, which have hitherto been mapped as one in the 
Jaunsar rocks. 
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The Zonal distribution and description of the 

LARGER FORAMINIFERA OF THE MIDDLE AND LOWER 
KIRTHAR SERIES (MIDDLE EOCENE) OF PARTS OF 

Western India. By W. L. F. Nuttall, D.F.C., M.A., 
F.G.S., Sedgwick Museum, Cambridge, (with Plates 

i—8.). 


(i) INTRODUCTION. 

The following article includes a very brief account of the strati¬ 
graphy of the Lower and Middle Kirthar (Middle Eocene) strata 
of parts of Western India, and a detailed description of the 
commoner and larger Foraminifera found in these beds. The 
specimens were collected by Mr. D. Dale Condit and the writer 
during a geological reconnaissance undertaken on behalf of the 
Whitehall Petroleum Corporation during the winters of 1920-21 
and 1923-24. The writer and editor are indebted to the Direc¬ 
tors of the Corporation for permitting the publication of this article. 
Thanks are also due to Professors M. Boule and H. Douville for 
kindly giving the writer every facility to examine D’Archiac’s types 
from India and other specimens in the Paris Museums. Dr. W. D. 
Lang found Sowerby’s type specimens from Cuteh and was k nd 
enough to lend other material for comparison from the British 
Museum (Natural History). The figured specimens and types of new 
species are deposited in the Sedgwick Museum, Cambridge. The 
bibliographical references w 11 be found at the end of the paper. 
In the palaeontological portion the synonymic lists are incomplete, 
the references most useful for identification being given. 

(a) THE STRATIQRAPHY OF THE KIRTHAR SERIES. 

The Earthar series consists of massive white Nummulitic lime* 
stones and olive to gray shales, which occur throughout parts of 
Cutch (Kachh), Sind, Baluchistan and the Punjab in Western India. 
Lithologically they are similar to the rocks of the Laki series, which 
in some areas underlie them conformably, and are distinguished by 
containing a different fauna of Foraminifera , which I have described 
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recently elsewhere (48). The regions in which the Kirthar series crop 
out have been examined chiefly by Wynne, Griesbach, Blanford, 
Oldham and Vredenburg, and the geology is described in Memoirs and 
Records of the Geological Survey of India. (67, 30, 3, 4, 49, 50, 65, 
66). In this article it is not proposed to give a lengthy account of 
the stratigraphy of the Kirthar series, other than that which is neces¬ 
sary to show the vertical distribution of the larger Foraminifera, 
The Kirthar series has been divided into three main groups the 
Upper, Middle and Lower, and Vredenburg during his extensive 
geologifeal reconnaissances in Western India located where these 
groups crop out (65, 66). In 1906 he published a table showing the 
vertical distribution of the Indian Nummulites (63c). He mentioned 
several species (see p. 126 ) the identification of some of which is 
uncertain and since he has not described any of the forms which he 
recorded, his table is of relatively little value for determining the 
different stratigraphical horizons. In this table he divided the 
Middle Kirthar into A and B, as well as the Upper Kirthar into 
1, 2, 3 and 4, without giving any exact explanation as to what these 
sub-divisions represent. A partial revision of his conclusions appeared 
in 1912 (20). He classified as Upper Kirthar the massive limestones 
of the Kirthar Range and the lower Mula Valley, and incorporated 
in this division 2,000 feet of strata which I have not examined. The 
knowledge of the fauna contained in those beds is very incomplete. 
In the area that I have visited I have been able to recognize by a 
study of the faunas the following groups which are lithologically 
indistinguishable :—(A) Upper part of the Middle Kirthar, (B) 
Lower part of the Middle Kirthar, (C) Lower Kirthar. These will 
be described separately below. 


(A) Upper Part of the Middle Kirthar. 

I have collected specimens of Foraminifera from about 300 
to 400 feet of limes tones and shales of the upper part of the Middle 
Kirthar. These beds crop out in the hill range south-east of Damach, 
Thano Bula Khan taluqa , Karachi district, in the Laki Range west 
of Laki village and in the hills south of Rohri, Sind. Near Damach 
and in the Laki Range the upper part of the Middle Kirthar rests 
unconformably on the Laki Limestone of the Laki seriep (Lower 
Eocene) and is overlain unconformably by the Nari series (Oligocene). 
In these areas the lower part of the Middle Kirthar and Lower 
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Kirthar are absent. In the hills south of Rohri the stratigraphical 
relations of the beds exposed are not shown, as the Middle Kirthar 
crops out of the Indus River alluvium. 

The fauna is different from that of the lower part of the Middle 
Kirthar and the Foraminifera that I have found in these beds are 
NummiUites carteri , N. gizehensis , N. loevigatus , N. aff. scaber , Assilina 
canceUata , sp. nov., A. papillata, sp. nov., A. spira y Alveolina elliptica. 
and Discocyclina sowerbyi, nom. nov. 


(B) The Lower Part of the Middle Kirthar. 

The areas in which I have examined outcrops of the lower part of 
the Middle KiTthar are the Dera Ghazi Khan district of the Punjab, 
the Loralai district, the Bugti Hills, parts of Kalat and Las Bela 
States of Baluchistan and Cutch (Kachh). The rocks consist of not 
more than 1,300 feet of massive white limestones and shales con¬ 
taining abundant Foraminifera. The group is characterized by con¬ 
taining many Dis^onjcLna, the fauna collected from these beds 
being :—Nummulitcs acutus , N. ataeicm , N. bcaumonti , N. lavigatus , 
N. maculatus , sp. nov., N. obtusus , N. stamineus , sp. nov., Assilina 
exponens , Dictyoeonoides cooki , Discocyclina dispansa, D. sowerbyi, 
nom. nov., D. javana var indica , nov., Adinocyclina aliicostaia y sp, 
nov. and Alveolina elliptica. 

In most localities the Middle Kirthar (B) has a higher percentage 
of shale than the Lower Kirthar, but generally the groups are litho¬ 
logically indistinguishable. The line demarcating the lower limit 
of the former is entirely artificial, as the rocks pass down conformably 
into the latter. 

In all the areas mentioned above the lower part of the Middle 
Kirthar is overlain unconformably by Miocene or Oligocene beds, 
as described later. At no point have I examined a section in which 
the lower part of the Middle Kirthar passes up conformably into the 
upper. The marked differences in the faunas between the two groups 
indicate a non-sequence at the top of the lower part of the 
Middle Kirthar. The only species of Foraminifera that I have 
observed to be common to the two are Nummulites obtusus 9 N y 
lavigatus , Alveolina elliptica and Discocyclina sowerbyi , nom. nov. 

Previous to the deposition of tho Oligocene the Eocene bed# of 
t}ie Bugti Hills, Loralai and Dera Ghazi Khan districts were elevated, 
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subjected to subaerial denudation, and the upper part of the Middle 
Kirthar as well as the Upper Kirthar removed. 

The Middle Kirthar (B) is well exposed on the flanks of foot¬ 
hills of the Sulaiman Kange extending from a point north of Fort 
Munro in the Punjab for about 40 miles to Drug in Baluchistan'. 
In this area the generalized section is as follows :— 

Thickness 
in feet. 

Pleistocene and Pliocene. Upper Siwalik conglomerates, 

Mnderlain by Lower Siwalik sandstones and shales, . about 10,000 
Miocene. Gaj. Ferruginous sandstones and pebble beds, about 1,000 

(The contact of the Gaj with the underlying Kirthar is unepn- 
formable). 

Eocene. 

Lower part of the Middle Kirthar . 

Brown to blue shales with much secondary gypsum. Near the 
base are several calcareous bands almost entirely made up of 
Discocyclina undulata sp. nov. D. Soiverbyi , nom. nov. and 
D.javana var indica nov., which beds form an horizon that can 
bo traced for many miles. In places these rooks also contain 
Nummulites atacicus ........ 1,200 

A persistent bed of pure white limestone, forming a prominent 
strike ridge, which can be traced for over 30 miles. This lime¬ 
stone is very fossiliferous, the lower part containing abundant 
Discocyclina dispansa , also 1). sowerbyi , Nummulites beaumonti , 

N. acutus and Dictyoconoides covki . . . . . 20 to 30 

Cower Kirthar . 

Blue grey shales weathering olive green with much secondary 
gypsum in the form of'clear selenite crystals. Near the top 


is a brown sandy limestone crowded with Ostrcea . . . 900 

Limestone with grey to black chert bands .... 40 

Persistent bed of massive white amorphous gypsum ... 15 

Blue-grey shales ......... 400 

Massive white limestone with Nummulites atacicus . . . 1,300 

Laki series. Ghazij Shales . 


Blue-groy fissile shales with thin limestone lands in the upper 
part, containing Nummulites atacicus and Assilina granulosa .about 2,000 

Dunghan Limestone . 

Conglomeratic hard dark limestone interbedded with olive shales, 
containing Alveolince , resting unconformably on Cretaceous 
Pnb Sandstone, ....... about 500 


Total thiokness of Eocene rooks measured 


6,385 
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The following is the section of the Kirthar beds on the south 
flank of the Pir Karoh Range, Bugti Hills, Baluchistan, where there 
is less shale than in the section further north described above :— 

Miocene. Gaj sandstones and shales with mammalian and other 
bones. 

Oligooene. Nari. Very ferruginous calcareous sandstone, in some 
localities glauconitic, containing Nummulites intermedins and 
Pecten sp. This bed marks an unconformable contact at the top 
of the Kirthar series. 

Eocene. 


Lower part of the Middle Kirthar . 

Nodular white unfossiliferous limestone ..... 75 

Olive shales .......... 300 

Intercalated limestone# and shales with Diseocydina javana var. 

indica nov., at bast* ........ 200 

Nodular and massive white limestone with Nnmmttliles stamineus 

sp. nov. .......... 325 

Massive unfossiliferous limestone with chert bands . . 250 

White nodular limestone with Nurtimulites bcaumonti , Discocy- 
clina javana var. indica nov., Dictyoconoidts cooU y niu\ Alico- 
lina elliptica ......... 00 

Chocolate, olive or greenish shale> with Alveolina elliptica . 70 


Lnr Kirthar. 

Massive limestone with some inteicalated gypseous and shaly beds, 

with Nummulites obtusus. Base not seen .... 700 

Total thickness of Kiitliar beds measured. .... 1.980 

In Cutch the lower part of the Middle Kirthar consists of about 
500 feet of well-bedded white limestones, overlain unconformably 
by about 10 feet of Nari Limestone with Nummulites uitermcdius 
and N. clipeus (46), and at its base about 75 feet of shales which 
rest unconformably on a laterite at the top of the Deccan Trap 
(67). The Foraminifera that occur in the limestone are Nummulites 
acutuSy N . maculatus sp. nov., N. stamineus sp. nov., N. obtusus, 
Assilina exponens , Alveolina eUiptica, Discocydiva dispansa , D. 
sowerbyi nom. nov., D . javana var. indica nov., Actinocydina aUicostata 
sp. nov., and Dirtyownoides cooki . 

(C) The Lower Kirthar. 

I have examined the Lower Kirthar rocks in the Dera Ghazi Khan 
district of the Punjab, and in the Loralai district, Bugti Hills and 
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Bolan Pass of Baluchistan, where they consists of about 1,500 to 
2,500 feet of massive, white, rather unfossiliferous limestones interca¬ 
lated locally with shales and occasional sandy or gypseous beds. They 
rest conformably on tho Ghazij Shales and there is no sharp line 
separating the latter from the Lower Kirthar. In the upper part of 
the Ghazij Shales are thin limestones crowded with Assilina granulosa , 
and also containing Nummulites atacicus as a common fossil. I have 
collected the following Foraminifera from the Lower Kirthar: 
Nummulites atacicus , N. obtusus and Assilina exponens . 

In the palaeontological portion of this paper the above species 
of Foraminifera are described, and in each case a list of the locali¬ 
ties is given stating where the specimens were collected. The 
following table giving the stratigraphical distribution of the Fora¬ 
minifera of the Middle and Lower Kirthar is provisional. It is 
based solely on the above occurrences, the microspheric form only 
being quoted. If careful collecting were undertaken over a larger 
area other species would be found and it is also not improbable that 
slight alterations would have to be made in the vertical distribution 
of some of the species mentioned below. It is clear, however, that 
the three divisions in the Kirthar series given below can be distin¬ 
guished by their containing characteristic faunas of Foraminifera. 


(3) TABLE SHOWING THE STRATIGRAPHICAL DISTRIBUTION OF 
FORAMINIFERA IN THE LOWER AND MIDDLE KIRTT 4R 
SERIES. 


Genus and Species. 


Nummulites atacicus , Leym . 

A ssilina exponens, (Sow.) 

Nummulites obtusus , Sow. 

Nummulites acutus, Sow. 

Nummulites beaumonti, d’Arch. 
and Haime. 


Laki series. 

kjBTHAR SERIES. 

Lower 

Kirthar. 

(C) 

Lower 
part of 
Middle 
Kirthar 
(B). 

Uppe: 
part of 
Middle 
Kirthar 
(A). 
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(3) TABLE SHOWING THE STRATIORAPHICAL DISTRIBUTION 
OP FORAMINIFERA IN THE LOWER AND MIDDLE KIRTHAR 
SERIES - coatd. 




Kirthar series. 




Lower 

Upper 

Gonus and Spools, 

Laki soriee. 

Lower 

part of 

part of 



Kirthar | 

Middle 

Middle 




Kirthar 

Kirthar 



(C). 

(B). 

(A). 

Nummulite* maculatus , sp. nnv. 





N ummulites stamineus, sp. nov. 



— 


Dictyoeonnides cooki , Carter 



— 


Actimycyclina alticostata , sp. 





nov. 





Diacocyclina dispansa , (Sow.) . 





Diacocyclina javana, (Verbeek) 





var. indica, nov. 





Diacocyclina undulatOj sp. nov. 





Diacocyclina sowerbyi , nom.nov. 





AU'colina elliptica, (Sow.) 





N ummulites Icevigatus, (Bmg.) 





N ummulites carteri , d’Arch. 





and Haime. 





Nummulites gizehensis ,(Forks.) 

a 




Nummulites aft. acaber f Lam. 


1 

• 

— 

Assilina canccllata, sp. nov 





Assilina papiUata , sp. nov. 





Assilina spira f de Roissy. 


i 




(4) THE AGE OF THE MIDDLE AND LOWER KIRTHAR SERIES 
AS DETERMINED FROM THE LARGER FORAMINIFERA. 

The following species of Nummulites and Assilina that occur in 
Europe are found in the Middle and Lower Kirthar series of India. 
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I have only quoted the microspheric forms and have stated the known 
stratigraphical range of the species in the two regions :— 

Genus and Species . . Stratigraphical range ob- Established stratigraphical 

Bcrved by the writor range in Europe, 
in India. 

Nummulites alacicus . . Laki series to lower part Lower Eocene to Lutetian. 

of Middle Kirthar. (7i, 21c, 27.) 

Nummulites Icevigatits . Middle Kirthar . . Lutetian (7b, 16, 26, 27). 

Nummulites aff. scaber Do. . . Do. (7b). 

Nummulites obtusus . . Lower Kirthar to upper Lutetian to Auversian 

part of Middle Kirthar. (7e, 27, 26). 

Nummulites gizehensis . Upper part of Middle Kir- Lutetian (7p, 26). 

thar. 

Assilina erponens . . Upper part of Ghazij Lutetian (21 d, 27) to Au- 

Shales (Laki series) to versian (7j). 

lower jrtirt of Middle 

Kirthar. 

Assilina spira . . . Upj>er part of Middle Kir Lutetian (7h) 

thar. 

In my recent paper on the Laki series (46) I have classified 
these beds as Lower Eocene, and the above evidence from the 
species of Foraminifera indicates that the Lower and Middle Kirthar 
is equivalent to the Lutetian of Europe. 

Throughout the area, the stratigraphy of which I have described 
briefly above, the lower or upper part of the Middle Kirthar is over- 
lain unconformably by Miocene or Oligocene beds. According to 
Vredenburg (63d) the massive limestones of the Kirthar Range and 
the Mula Pass form the Upper Kirthar * series. These beds he 
classified as Upper Lutetian, and according to him beds of Auversian 
to Priabonian age are absent in Western India. Our knowledge 
of the foraminiferal fauna of the Upper Kirthar is still very incom¬ 
plete, so that the age of these beds cannot be determined with any 
certainty. There is however little doubt that the Lower and Middle 
Kirthar are equivalent in age to the greater part of the Lutetian of 
Europe. 

With the exception of Nummulites Icevigatits the stratigraphical 
distribution of the species mentioned above is approximately the 
same in India as in Europe. In Europe N. Icevigatus appears in the 
Lower Lutetian (21 d and £6), whereas in India the lowest horzon 
at which I have observed this species is the lower part of the Middle 
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Kirthar, probably Middle Lutetian. The mollusca of the Kirthar 
Series have so far not been the subject of a systematic study. The 
meagre information regarding this group included in d’Archiac and 
Haime’s monograph (2) throws little light on the age of the beds. 

Middle Eocene strata containing among other species Nummulites 
acutus (= vredenburgi ), Discocyclina javana and numerous other Dis- 
cocyclines have been described in Java, Borneo, the Moluccas, and 
New Guinea (61, 62, 18, 20, 23). This fauna resembles that of the 
lower part of the Middle Kirthar of Western India. 


(5) PALAEONTOLOGICAL DETAILS. 

(A) Revision of previous descriptions of nummulites and other 

TERTIARY FORAMINIFERA FROM INDIA. 

(a) Sowerby's Description of Tertiary Fossils from Cutch. 

In 1837 J. de C. Sowerby (58, 59) described a collection of fossils 
from Cutch, which included the following species of For- minifera 
from the Middle Kirthar :— 

Nummulites ( Nummulina) acutus (see p. 133). 

Nummulites (Nummulina) oblusus (see p. 137). 

Assilina (Nummulina) capo hens (see p. 112). 

Alveolina (Fasciolites) elliptica (see Nuttall 17). 

Discocyclina (Lycophris) dispansa (see p. J15). 

Discocyclina (Lycophris) ephippium (see p. 14' ). 

I have collected specimens of all these species from Cutch and 
have re-described them giving details of the internal structure, which 
were for the most part omitted by Sowerby. Sowerby’s types of each 
of these species, except that of D. dispansa, are preserved in the 
British Museum (Natural History). 

(6) The Monograph on Nummulites by Messrs. D'Archiac and Haime 

D’Archiac and Haime in their classical monograph of 1853 on 
the genus Nummulites recorded from India 18 species of Nummulites 
and Assilina which are enumerated below (2a). It is unfortunate 
that throughout this publication these authors did not state the 
localities from which their figured specimens of Nummulites \\ere 
collected, as the species are described from widely separated parts 
of Europe and Asia. In their text when localities in Western India 
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are mentioned they are usually' vague, and most of the specimens 
from Sind are recorded as having been found in the Chaine D’Hala, 
which as a range of hills is purely a geographer’s myth. By the 
Chaine D’Hala D’Archiac appears to have meant parts of the Kirthar 
Range and any of the hill ranges of Lower Sind. Also when the 
specimens described from India by D’Archiac were collected little 
was known of the geological succession of the Tertiary rocks, and in 
consequence no effort was made to separate .the species according to 
their stratigraphical horizons. These factors deduct much from the 
value of their work. 

In 1903 Thfrvenin (60) by making a careful examination of D* 
Archiac’s collection and by comparing the specimens with the figures 
was able to find a number of the types and determine which are the 
figured specimens. Unfortunately certain specimens were inade¬ 
quately labelled and others lost so that our information in this le- 
spect is incomplete. In the list below I have marked with an asterisk 
five species of Nummulites from India of whi6h the original types or 
figured specimens are still preserved in the Musee de Paleontologie 
at Paris, and have discussed separately each species recorded from 
India by D’Archiac :— 

Nummulites lyelli , A. and H. According to Th6venin D’Archiac’p 
Plate II, figs. 10, 10a, 10b, var. b, is doubtfully, ascribed to specimens 
of this species from Sind. Boussac (7a) and other recent writers 
classify this species as synonymous with N. gi&hensis , Forsk (see 
p. 139) 

*Nummulites sublcevigata , A. and H. D’Archiac’s Plate IV, figs. 
8, a to b. This species is synonymous with N. intermedins , D’Arch. 
and occurs in the Oligocene Nari beds (See Nuttall 46). 

Nummulites scab r, Lam. D’Archiac and Haime included in 
this species N. acutns of Sowerby, which is different, as described 
below (p. 133). 

'Nummulites obtusm , Sow. D’Archiac’s Plate VI, figs. 13, a to c. 
The figures and description concord with typical globose forms of 
the species. Locality, Sind (see p. 137). 

'Nummulites lucasana , Defr. D’Archiac’s Plate VII, fig. 10 var. c, 
from “ Subathoo ” in the Punjab. The specimen named thus is refer¬ 
red to N . perforatus, the megalospheric form of N. obtusus (see 
p. 138). 

Nummulites ramondi , Defr. The specimens referred to under 
this name may be young forms of N. atacicus (see p. 129). 
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Nummulite8 biarritzensis, D’Arch, partly synonymous with N\ 
atucicus (see p. 129). 

Nummulites beaumonti , A. and H., described below (p. 130). 

'Nummulites vicaryi A. and H. D’Archiac’s Plate IX figs. 1, a to 
b. A nummulite, the septal filaments of which are without granules 
and very turbulent, which 1 have not found. Locality, Sind. 

Nummulites exponens , Sow. (see Assilina exponens p. 142). 

Nummulites granulosa , D’Arch. (see Assilina granulosa , which 
is characteristic of the Laki series; see also Nuttall (48a)). 

Nummulites spira , de Roissy (see Assilina spira , p. 143). 

Nummulites garansensis i Joly and Leym. This species is sy 
nonymous with N. fichteli y Michelotti, the megalospheric form of 
N. intermedium from the Nari Oligocene beds (see Nuttall 46). 

* Nummulites carteri , A. and H. (see p. 139). 

Nummulites guettardi , A. and li., probably the same as N. suba- 
tacicus (see p. 130). 

Nummulites leymerei , A. and H. The megalospheric form oi 
Assilina granulosa , which occurs in the Laki series (see Assilina 
leymerei in Nuttall (48by. 

* Nummulites miscella , A. and H., a Siderolites occurring in the 
Upper Ranikot. 

Operculina tattainsis , A. and H., synonymous with Assilina 
granulosa from the Laki series (see Nuttall 48a). 


(c) H. J . Carter's Papers . 

Two important papers on Faraminifera in Western India were 
published by Carter in the years 1853 and 1861 (9 and 10). I 
have been unable to find Carter’s collection of fossils, although in 
1900 Chapman mentioned having found and examined part in the 
British Museum (Natural History) (11). Carter described the fol¬ 
lowing species of Nummulites and Assilina from India :— 

Operculina. sp., (1853) pp. 167-168. PI. VII, figs. 3-4. Equivalent 
to Assilina granulosa , D’Arch. (See Nuttall 48a). 

Assilina irregularis , Cart. (1853) p. 168. PI. VII, figs. 5-6 (1861), 
p. 366. Equivalent to Assilina spira , de Roissy (see p. 143). 

Assilina sp. (1853), pp. 168-169. PL VII, figs. 7 to 8 (1861), pp. 
367-368. PI. XV, figs. 1, a, b and c. Equivalent to Assilina expotiens 
(Bee p. 142). 
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* Nummulina spA (1863) p. 169. Pl. VII, figs. 9-10 (1861), pp. 869- 
370. Equivalent to Nummuliies carteri , D’Arch. & H. (see p. 139). 

Nummulina obtusa , Sow. (1853) p. 170, PI. VII, figs. 13-14 (1861), 
pp. 371-373. (see p. 137). 

Nummulina acuta ? Sow. (1853), p. 171. PI. VII, figs. 21-22 (1861), 
pp. 376-378. Equivalent to Nummulites intermedins , D’Arch., of the 
Oligocene Nari beds (see Nuttall 46). 

Assilina obesa , Cart. (1861), p. 368. PL XV, figs 2 a, b, c and d. 
Equivalent to Assilina mamillata , (D’Arch.) (see p. 143.) 

Nummulites broachensis , Cart. (1861), p. 373, PL XV, figs. 3, a 
to e. I have not found this species. 

Nummulites biarritzensis , A. and H. (1861), pp. 373-374. Prob¬ 
ably N. atacicus or N. stamineus (see pp. 129, 131). 

Nummulites ramondi , Defr. (1861), pp. 374-375. Probably young 
N. aiacicm (see p. 129). 

Nummulites Jce'atensis , Cart. (1861), p. 376, PL XV, fig. 6, a to 
d. I have not found this species. 

Nummulites irregularis , Desh. (1861), p. 376. (see Nuttall (48)) 
This species I have found in the Laki series. 

In addition to the above Carter also figured and described Kirthar 
species of Discocgclirui (see p. 145), as well as numerous Eocene 
Alveolince (see Nuttall 47 and 48c) and Dktyocoooides (ooki , (Cart.) 
(see Nuttall 47). 

(d) Articles by E. W. Vredenburg and G. de P. Cotter . 

In 1906 Vredenburg (63a and b) described as a new species 
Nummulites douvillei (=vredenburgi, auctorum) from Cutch, which 
species for reasons given below (p. 133) J regard as synonomous with 
N . acutus, Sowerby. In the same article he gave a table showing 
the zonal distribution of Indian Nummulites. As stated above he 
has not described any of the species mentioned, and some of the 
identifications are uncertain. The species which he records as 
occurring in the Lower and Middle Kirthar are as follows :— Num¬ 
mulites perforatus (which is synonomous with N. obtusus , see p. 
137), Assilina spira (see p. 143), Nummulites beaumonti (see p. 
130), Nummulites murchisoni (I have not observed this species in 
India), N. discorbina (I have not observed this species in India ; a 
closely related form is N. stamineus , sp. nov., see p. J31), N. Icevigalus , 
(see p. 134), Assilina exponens (see p. 142), A. sufflala y Vred.—a 
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species which was not described, said to be related to A . spira, 
possibly A . papiUcUa , nov. (see p* 144). Nummulites douviUei, Vred. 
the equivalent of N. acutus, Sow., see p. 133), N. gizehensis (see p. 139) 
and 'N. irregularis , which I have only observed in the Laki series 
(see Nuttall 48d). 

In 1914 Cotter (13) described a new species, Nummulites yawensis , 
from Burma, which I have not found in Western India. He also 
discussed the zonal distribution of Indian Nummulites. 


List op Foraminifera and Classification op Nummulites. 

It has been well established by Douvill6, Boussac (6, 17, 21, 22, 
28a) and others that the only satisfactory classification of the species 
of the genus Nummulites is by the structure of the septal filaments. 
In many of the specimens found in Europe the structure of the septal 
filaments is visible on the exterior of the test or is exposed by polish¬ 
ing a surface. In the case of the Nummulites from the Kirthar 
series, in a few instances the septal filaments arc visible on the 
weathered surface of the shell, but usually the state of preservation 
is such that their structure is not even made clear by means of a 
polished surface. This is due to the foesii Bhell consisting of pure 
white calcium carbonate, and what were originally cavities enclos¬ 
ing the sarcode being filled with transparent colourless or translu¬ 
cent white calcite. In specimens preserved thus the structure of the 
septal filaments is only made clear by cutting a thin horizontal 
section of the test, which, if made immediately above the median 
chamber layer, shows the structure of these filaments from the begin¬ 
ning of the growth of the shell to the adult stage. 

In describing the species of Nummulites and Assilina I have 
employed the following terms :— 

For the 44 filets cloisonnaires ” of French writers the term 44 septal 
filaments ” is used. These may be 44 radiate,” 44 reticulate,” 44 mean- 
driform ” or as in Assilina (see p. 1-8). The Eocene reticulate 
Nummulites described have a 44 simple mesh,” which term corres¬ 
ponds to Boussac’s 44 r^seau simple.” The term 44 column,” employed 
by Carpenter (8), is used in the same sense as 44 piliers ” of French 
writers. In certain species the columns where they come to the outer 
surface of the shell form protruberances known as 44 granules” (see 
Plate II figs. 2 and 3). 
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An “ axial ” section is cut at right angles across the shell per¬ 
pendicular to the plane of symmetry* as in Plate II, figure 5. An 
“ equatorial ” section is cut through the plane of symmetry showing 
the median chamber layer as in Plate I, figure 6. In an equatorial 
section there are the chambers, the septa, the whorl laminae; the 
width of the chambers is measured parallel to the radius, the length 
parallel to the whorl laminae. A “ lateral ” section is cut immediately 
above an equatorial section so as to show the structure of the septal 
filaments as in Plate I, figure 7. By Form A is meant the megalo- 
spheric form, and by Form B the microspheric; these are given 
separate specific names. Since the microspheric form is the larger 
it shows beat the characteristics of the septal filaments, which are of 
prime importance in recognizing the couples A and B. 

The following classification of the Nummulites, based on the struc¬ 
ture of the septal filaments, has been adopted, there being however 
no sharp dividing line between groups 2 and 3 :— 


(l) Septal filaments without columns, 
radiate. 


(2) Septal filaments with columns, rcti 
culate with simple mesh 


( (a) 

](l>) 

C(c) 

l» 

-J ( b) 

]('•) 
(<*) 

f(«) 

(3) Septal filaments with columns, moan-< ( b) 
driform.C( c ) 

f(a) 

Genus Assilina. (Sometimes considered {b) 
as a subgenus of NummiUU&i) .< 

((c) 

(rf) 


N. alacicus, Leym. (B). 

N. 8ubalac\cuH , Douv. (A). 
N. beaumonti , A. and H. (B). 
K. *tamineu8, sp. nov. (B). 

N. acutus, Sow. (B). 

N. djokdjokartce, Martin. (A). 
N. Icevigatus (Brug.) (B). 

N. lamarcki , A. and H. (A). 

N aff. scaber, Lam. (B). 

N. obtusus, Sow. (B). 

N. perforates, (do Mont.) (A). 
N. carleri, A. and H. (B). 

N. gizehensis, (Forks.) (B) 

N. maculates, sp. nov. (B). 

A. coecettata, sp. nov. (B). 

A. subcanceUata, sp. nov. (A). 
A. exponent, (Sow.) (B). 

A. mamillata, (D’Arch.) (A). 

A. spira, de Roissy. (B). 

A. papillate, sp. nov. (B). 

A. subpapillata, sp. nov. (A). 


The Foraminifera of other genera are :— 


Orbitoides . 
Disoocydim. 

D. dispansa , (Sow.) 

D. javana , (Verbeek) var. indica , nov. 
D. sowerbyi , nom. mut. 

D. undulota , nov. 
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Actinocydina . 

A . aUico8tata y nov. 


Alveolina . 

-4. eUiptica , Sow. (see Nuttall 48). 

Dictyoconoides . 

Z). cooH, (Carter.) (see Nuttall 48). 

In the case of the Orbitoides the terms axial and equatorial sec¬ 
tions are employed in the same sense as with Nummulites. A 
“ lateral ” section is cut horizontally a very short distance above the 
upper surface, so as to show the adult development of the columns 
of shell substance in the lateral cl amber layer. 


(C) Description of the species of Kirthar Nummulites, Assilinae 

and Orbitoides. 

Genus, NUMMULITES, Lamarck. 

(I) Nummulites with radiate septal filaments without columns 


Nummulites atacicus, Leymerie. 

1844. Nummulites atacicus, Leymerie. (39). 

1925. N ummnlites atarv ' us , Levm. Nuttall (4Se) cum syn. 

In a recent paper I have figured and described N. atacicus from 
the Laki series of India. The representatives of the species as found 
in the Kirthar be's are characterized by having sinuous septal fila¬ 
ments, as in Plate XXV. figuris 1 and 2 of the above paper.J This 
species which is found throughout the Laki series, ranges up into the 
lower part of the Middle Kirthar. I have examined numerous 
specimens from the following localities :— 

(a) From the Middle Kirthar (B), about 2 500 feet above the 
contact of the Lower Kirthar with the Ghazij Shales, 
Garmaf hot spring, Buzdar tribal tract, Dera Ghazi 
Khan foothills, S. W. Punjab. A large variety, ite 
average diameter 23*5 mm., maximum observed diameter 

K 
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28*8 mm ., average thickness 5*8 mm., maximum thick¬ 
ness 6-7 mm. Average ratio of diameter to thickness, 4 
to 1. There are 9 whorls in the first 3 mm. of radius and 
16 in a radius of 9 mm. 

(b) From the shales of the Middle Kirthar (B); N. E. of Pabuni 

Chauki, Las Bela State, Baluchistan. Average diameter 
12*1 mm., average thickness 5*3 mm. Average ratio of 
diameter to thickness 2-3 to 1. 

(c) From the shales of the Middle Kirthar (B), west of the 

Hab River, west of Khand Jhand, Karachi district, 
Sind. Similar to b. 

(d) From the top of the Lower Kirthar ; 6 miles N. E. of Rari- 

sham, Loralai district, Baluchistan. Average diameter 
14*9 mm., maximum observed diameter 16*3 mm., average 
thickness 4*8 mm., maximum thickness 5*2 mm. Ratio 
of diameter to thickness 3 to 1. 


Nummulites subatacicus, DouvillA 

1919. Nummulites subatacicus, Douvi]]£ (21a). 

1925. Nummulites subatacicus, Dnu vill£, Nuttall (48f). 

This species, which is the megalospheric form of N. atacicvs 
has been found associated with it at locality (b) above and was observed 
in the same beds west of Pabuni Chauki. Average diameter 5*5 
mm., maximum diameter 6*9 mm , average thickness 3*3 mm , maximum 
thickness 4*0 mm. Average ratio of diameter to thickness 1*7 to 
1. There are 7 whorls in a radius of 2*5 nun., : nd 8 in a radius of 
3 mm. The septal filaments are nearly straight radiate. 


Nummulites beaumonti, D’Archiac and Haime. 

1853, Nummulites beaumonti, D’Archiac and Haime. (2b). 

1883. Nummulites beaumonti, DArchiac and Harpe. (33b). 

1902. Uanthenia beaumonti , A. and H. Prever. (51). 

Plate I, figs. 4 and 5. 

This species was recorded by D’Archiac and Haime from Suba- 
thu (“ Subathoo”) in the Punjab, Cherrapunji (“ Cherra Poonji”) and 
near Sylhet (“ Silhet ”) in Assam, but the types from India are 
no longer preserved. Writing of this species from Egypt in 1877 
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de la Harpe states (32) :—“ J’ai pu me convaincre par 1’examen 
d’une riche moisson de N. Beaumonti rapport4e d’Egypte par M. le 
professeur Zittel, que cette derni&re esp&ce n’est qu’une vari6t4 
de la N. Biarritzensis . D’apr&s D’Archiac la difference essen- 
tielle entre elles consisterait dans la spire plus fine et plus 
serrte de la N. Beaumonti” In 1883 de la Harpe classified N. beau¬ 
monti as a definite species. Where I have found N. beaumonti in 
the Middle Kirthar (B) I have had no difficulty in distinguishing 
it from the closely related species N. atacicus (=biarritzensis ), 
which, as stated above, has a much wider stratigraphical range. 
I have not found the megalospheric form. 

The specimens of N. beaumonti that I have examined have slender, 
nearly straight to slightly curved, radiate septal filaments, which are 
shown clearly in Plate I, figure 5. In equatorial section (fig. 5) the 
whorls are seen to be close together, very regular, and the septa 
practically straight, which distinguishes the species from young speci¬ 
mens of N. atacicus. The average diameter of the shell is 6-8 mm , the 
maximum observed diameter being 7*5 mm. Average thickness 
3*6 mm., maximum observed thickness 4*4 mm., average ratio of dia¬ 
meter to thickness 1*9 to 1. There are 13 whorls in a radius of 3 
mm. 

In one quadrant of the 5th whorl there are 8 septa. 

In one quadrant of the 6th whorl there are 11 septa. 

In one quadrant of the 7th whorl there are 11-12 septa. 

In one quadrant of the 8th whorl there are 13 septa. 

In one quadrant of the 9th whorl there are 15 septa. 

Occurrence :—Horizon, Middle Kirthar (B). (a) From about 2,500 

feet above the contact of the Lower Kirthar with the Ghazij Shales; 
Dawagar, Dera Ghazi Khan foothills, S. W. Punjab (very common), 
(6) From the same horizon, Drug, Loralai district, Baluchistan, (c) 
From 5 miles N. of Dera Bugti, Bugti Hills, Baluchistan, (d) From 
Taghoa, Loralai district, Baluchistan (common). This species occurs 
in the Middle Eocene of Egypt and is recorded from Italy, the horizon 
in this case being uncertain but probably Lutetian. 

Nummulites stamineus, sp. nov. 

Plate I, figs. 1-3. 

Test lenticular, border bevelled, average diameter 14*7 mm., 
largest diameter observed 20*4 mm.,-average thickness 5 mm., 

k 2 
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maximum thickness observed 8*3 mm. Average ratio of diameter 
to thickness 3 to 1. Septal filaments fine, simple, radiate, gently 
curved, somewhat irregular. In equatorial section (Plate I, fig. 3) 
the form is seen to be microspheric, with 9 to II whorls in the first 
3 mm., 17 to 20 whorls in a radius of 8 mm. Whorl laminee thick; 
septa numerous, straight or only slightly curved, set nearly at right 
angles to the whorl lamina?. Chambers subrectangular in cross- 
Bection, their width greater than their length. 


In one 

quadrant of the 

4th whorl there are 8—11 septa. 
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This nummulite resembles several 

known 

species, but 

is different 


from any of the described Eocene forms. Nummulites probably belong 
ing to this species from Lakpat (“ Lukput ”) in Cutch have been referred 
to N . atadcus (=biarritzensis) by Carter (10a). Externally some 
specimens strongly resemble the varieties of N. atadcus with fairly 
straight septal filaments, but internally the whorls are more numerous 
and the septa set closer together. This species is readily distin¬ 
guished from N. kelatensis , since the fine radiate septal filaments of 
the latter, as figured by Carter (10b), are more regular and the diameter 
of the test about half as great as that of N. stamineus. A specie3 
very closely related is N. discorbinus, Schloth. (see Harpe 33a), 
which is primarily distinguished by being smaller and much more 
globose. 

Occurrence :—Stratigraphical horizon, Middle Kirthar (B). (a) From 
1 mile south of Waghapadar (“ Waggerpudder ”), Cutch. (6) From 2 
miles 8. W. of Godhathad (Gothahad), Cutch. (c) From the massive 
Kirthar limestone, 600 feet below the contact with the Nari series; 
Kalu Kushtak Nala, due N. of Lakhe-ka-kot, Bugti Hills, Baluchi¬ 
stan (common). 
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(II) Nummulites with reticulate septal filaments of simple mesh 
and with columns. 


Nummulites acutus, Sowerby. 

1837 (1840) Nummularia acuta , Sowerby (58a). 

1900. Nummulites douvillei, Vreden burg (63a) Korin B. 
1908. Nummulites vredenburgi , Prevcr in Vredenburg (64). 
1912. Nummulites vredenburgi, Douvill6 (19a) cum Ryn. 
1923. Nummulites vredenburgi Douville (23). 


Plate II, figs. 1-4. 

Vredenburg described this species as N. douvillei from Lakhpat 
and Noondatur in Cutch, but there are a few important characteris¬ 
tics which he has not made clear. He has only figured adult speci¬ 
mens of the microspheric form, and. to judge from his remarks on 
page 85, he has referred young specimens to N. scab<r , Lam., which 
externally they resemble. D’Archiac and Haime (2e) have incor¬ 
rectly placed N. acutus as synonymous with N. scabir , the Indian 
representative of which species is described below r . 

In Vredenburg’s description of the exterior of N . dourillei he 
omitted to state that in the adults a small central mamelon is not 
uncommonly found ; I have found it in about 10 per cent, of the 
specimens of this species in my collection from Cutch. Also where 
the exterior layer of shell substance has not been removed by weather¬ 
ing, sinuate radiate ridges may be seen on the outer surface (See 
Plate II, fig. 1). Strong granulations are found in young forms and 
are well shown in figures 2 and 3. Of the nummuli'es referred to 
N. acutus by Sowerby from Lakhpat in Cutch. one of the types (the 
top, right, figured specimen) is preserved in the British Museum 
(Natural History); Dr. W. D. Lang kindly arranged to have 
it photographed (fig. 3). This is clearly a young granular form of the 
species, the exterior appearance of which is identical with that of 
another young specimen in my collection (fig. 2), which is better 
preserved than the type. In the case of the remainder of Sowerby’s 
figured specimens it is doubtful to what species they belong, and it 
seems that the specimens are lost. 

The structure of the septal filaments is characteristic of the 
species and is identical in young granular forms and in‘the adult 
smoother varieties. Tt is onlv diagrammatically represented in 
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Vredenburg’s figure 8b. Where the upper layer of shell substance is 
weathered away the septal filaments are partially exposed and appear 
exactly like those shown in Douvill^’s excellent photographs of 
specimens from Java (19a). The Beptal filaments are best seen by 
making a thin lateral section of the shell immediately above the 
median chamber layer (as in fig. 4), which shows that they are indis¬ 
tinguishable from those of a specimen figured by Douvill6 from Roti 
Island (23). The specimens from near Godhathad (“ Gothahad ”) are 
of approximately the same size as those described by Vredenburg, the 
diameter varying from 17*9 to 9-7 mm., the thickness from 4*9 to 3*3 
mm., and for twenty specimens the average ratio of diameter to 
thickness being 3-7 to 1. 

This species, which in India has been recorded from Cutch and 
Burma (13), is also found in Baluchistan, the localities from which 

1 have examined specimens being as follows :—Stratigraphical horizon, 

Middle Kirthar (B). (a) From the base of the Kirthar Limestone ; 

2 miles S. W. of Gothahad (Godhathad), Cutch (common). (6) From 
1 mile south and 1| miles N. of Waghspadar (Waggerpudder), Cutch. 
(o) From a bed of white limestone, 20 feet in thickness, at about 2,600 
leet above the contact of the Lower Kirthar Limestone with the 
(ihazij Shales, E. of Drug, Northern Baluchistan. 


Nummulites Djokd.iokart^:, Marti. 

1881 Nummulina djokdjokartce , Martin (41). 

1906. Nummulites Douvillei , Vredenburg (63b). Form A. 

1912. Nummulites djokdjokartce , Martin, DouvilU (19b) cum syn. 


This species, which is the megalospheric form of N . acutus , has 
been described by Vredenburg from Cutch. 


Nummulites uevigatus, (Bruguiftre, sp.) 

1792. Camerina Iceuigata, Brugutere (5). 

1853. Nummulites Icevigata, (Brug.) D’Arch. and Haime (2c). 
1902. Nummulites Icevigatus (Brug.), DouvilU (17). 

1905. Nummulites Icevigatus (Brug.), Lister (40a). 

1906. Nummulites Icevigatus (Brug.), Boussac. (6). 

1911. Numulites Icevigatus (Brug.), Boussac. Form B (7b), 
1915. Nummulites Icevigatus (Brug,) Dainelli (15a) 
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Plate I, figs. 6-7. 

This species is very abundant at Sukkur, Sind. The average 
diameter of the test ot specimens irom this locality is 23*2 min., 
the maximum diameter observed being 35*4 mm. The average thick¬ 
ness is 4*2 mm., the maximum thickness observed being 5*4 mm. 
The average ratio of diameter to thickness is 1 to 5*5. The test is 
flat, lenticular, with a rounded border. Externally the 6tate of pre¬ 
servation is such that it is not possible to make out any of the struc¬ 
ture of the septal filaments, the details of which are shown in a lateral 
section (Plate I, fig. 7), in which case the forms appear to be identical 
with European representatives of the species. 

The septal filaments may be distinguished from other related 
species from India by their thickness being variable and the shape of 
the columns irregular. In N. aiulus the filaments are thicker and 
less meandriform. In the Indian representatives of a foim allied to 
N. soaber the septal filaments are more widely spaced and the 
columns not infrequently larger than in N. lavigatvs. In the varie¬ 
ties of N. obtusus the filaments are fine, very turbulent, with 
well rounded columns. These species are also distinguished by other 
characteristics mentioned below in the description of each. In an 
equatorial section of N. lavigatvs “there are 17 whorls in a radius of 
10 mm.; the structure of .the median chamber layer is shown in 
Plate. I, figure 6. 

Occurrence:- («) From the lower part of the Middle Kiithar ; 
weet of Pabuni Chauki, Las Bela State, Baluchistan (rare), (t) 
From the upper p. rt of the Middle Kirthar ; Sukkur, Sind (very 
abundant). 


Nummulites lamarcki, D’Archiac rnd Haime. 

1853. Nummulites lamarcki, A. and H. (2d). 

1905. Nummulitts lamarcki, A. and lister (40b). 

1911. Nummulites laevigatas, Brog, Boussac, Form A. *7*1 

This species, which is the megalospheric form of A. latigolvs, 
occurs in abundance associated with it. The diameter of the test 
varies from 5 to 8 mm. and the av'erage thickness is 2-5 mm. The 
structure of the septal filaments is identical with that of A. latigatus. 
In equatorial section the diameter of the megalosphere attains ] mm. 
And in a radius of 4 mm. there are 5 whorls. 
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Nummulites aff. scaber, Lamarck. 

1804. Nummulites scabm , Lamarck (38). 

1853. Nummulites seabra , Lamarck D’Archiac and Haime (2f). 

1803. Nummulites scaber , Lara. Schafhautl. (53u). 

1918. Nummulites scabra t Lam. Favre. Lamarck’s typos (28). 


Plate II, figs. 5-8. 

There appears to be no recent description of this species. In 
1911 Boussac (7d) classified it as a granular variety of N. Icevigatus, 
and since then photographs of Lamarck’s original types of N. 
scaber have been published. It is clear from one of these (see 
(28), fig. 38a) that the structure of the septal filaments is different 
from that of a typical N . Iwvigatus and is 1 think sufficiently distinct 
to warrant distinguishing the form as a separate, although closely 
related, species. The filaments are less meandriform, their thickness is 
less variable and the columns are larger and more circular in shape 
than in a typical N. Icevigatus. The diameter of the test also is 
always smaller and the thickness proportionally greater. 

In India there is a closely related form differing somewhat from 
the European species. Externally the test is smooth, though occa¬ 
sionally ill-defined sinuous lines appear on the surface. The columns, 
which form prominent granules on the surface of the European speci¬ 
mens, in the Indian forms can only be observed by making thin lateral 
sections (see figs. 6 and 8). In axial section (fig. 5) the whorls are 
seen to be set close logether and the chambers are much smaller 
than in Lamarck’s type (see (28), fig. 38b). 

This fossil is found in the upper part of the Middle Kirthar and is 
very abundant at Sukkur, Sind. At this locality 80 per cent, of the 
specimens are very globose with broad rounded border. The average 
diameter is 12-1 mm. and the "average thickness 8-0 mm., the average 
ratio of diameter to thickness being 1*5 to 1. The globose form is 
very similar in shape to young N . obtusus . The remaining 20 per 
cent, of tho specimens are more depressed, lenticular, with a fairly 
sharp keeled border. The average diameter is 12*9 mm., average 
thickness 5*9, and average ratio of diameter to thickness 2*2 to 1. 
In a radius of 5*5 to 6 mm. there are 16 to 18 whorls, the whorls being 
closer together near the periphery than in the median portion of the 
shell. The megalospheric form of this species was not found. The 
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septa as seen in an equatorial soction (fig. 7) are slightly curved and 
set at an angle usually of about 60° to the whorl laminae. 


In one quadrant of the 3rd whorl there are 

5 septa. 

,, 4 th ,, 

6 

„ 5th „ 

5-8 „ 

„ 6th ,, 

5-8 „ 

„ 7th ,, 

8-9 „ 

„ 8th 

8-10 „ 

„ 9th 

8-10 „ 

„ 10th „ 

10—12 „ 

Occurrence :—Horizon, Middle Kirthar (A). 

(a) From west ol Laki 


village, Sind (common). (b) From Jhand Mahomed. Sukkur, Sind, 
(c) From Sukkur, Sind (common), (d) From Kubba Shadi Shahid, 
4 miles S. E. of Khairpur, Sind. 


Nummulites obtusus, Sowerby. 

1837 (1840) Nummularia obtusa, Sowerby (58b). 

1848. Nummulites aturicus, Joly and Leymerie (35). 

1853. Nummulina obtusa, Sow., Carter (9a). 

1853. Nummulites obtusa, Sow., D’Arcliiac and Haime (2g). 

1801. Nummulites obtusa, Sow., Carter (10c). 

1911. Nummulites perforatus, D. de Mont., Boussac. Form B. cum bvd. (7e), 

1915. Nummulites obtusus. Sow., Painelli (15b). 

Plate II, fig. 10. PI. Ill, figs. 1-2. 

Indian lepreHentatives of this species have been well described 
and figured by Carter. D’Arcliiac and Haime. Sowerby’s type from 
Cutch is preserved in the British Museum (Natural History) and 
D’Archiac’s specimens in the Mus6e de Pal6ontologie, Paris. I 
have only obtained one specimen of this species from Cutch, where 
it is rare, but have lound it abundantly in parts of Sind and Baluchi¬ 
stan, its stratigraphical range extending from the base of the Lower 
to the upper part of the Middle Kirthar. The type of the 
Indian species is very globose with many close-set whorls, this form 
being common. Much flatter lenticular forms are also found, 
similar to varieties in Europe. For the typical globose variety the 
diameter varies trom 15 to 20 mm., and the thickness from 6 to 11 
mm. In the case of the lenticular varieties, which are found in 
differeut localities (c,b and g) from those in which the globose are foupcl 
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(a, d,e and f), the diameter varies from 12 to 19 mm., and the thick¬ 
ness from 4 to 7 mm. In the more globose forms the border ia 
rounded and in the flatter forms keeled. The meandriform structure 
of the septal filaments is fairly constant, the number and size of the 
columns being variable. In all cases where a lateral section is obtained 
a short distance above the median chamber layer, it was observed 
that in the earlier stages of growth columns are always present, 
whereas in some cases in the more adult* stages the columns are 
only poorly developed (compare Plate III, figs. 1 and 2 ; in figure 1 
the columns reach their maximum development as regards size and 
number). 

The nomenclature of this species has been in a state of consi¬ 
derable confusion. The form was at first called N. perforatus by 
D’Archiac and Haime as well as by de la Harpe, and later by 
other writers N . crassus and N . aturicus . Of recent years the name 
N. perforatus has been employed for the megalospheric and IV. 
obtusus for the microspheric form. 

I have examined specimens of this species from the following 
localities :—From the upper part of the Middle Kirthar : (a) west of 
Laki village, Sind ; (b) in the range S. E. of Damach, Thana Bula 
Khan taluqa , Karachi district, Sind (from the first 100 feet of beds 
below the contact with the Nari series). From the lower part of the 
Middle Kirthar ; ( c ) Kalu Kushtak Nala, due north of Lakhe-ka-kot, 
Bugti Hdls, Baluchistan. (1600 feet below the contact with the Nari 
series) ; (d) Mardan Nala, Mula River, Kalat State, Baluchistan ; 
(e) west and northeast of Pabuni Chauki, on the flank of the Pab 
Range, Las Bela State, Baluchistan ; (/) miles north of Wagha 
padar (Waggerpudder), Cutch. From the base of the Lower Kirthar ; 
(g) Sham plain, Bugti Hills, Baluchistan. 

Nummulites perforatus, (de Montfort). 

1808. Egeon perforatus , (de Montfort). (45). 

1853. Nummulites lucasana , Defr., D’Archiac and Haime (2h). 

1911. Nummulites perforatus , de Mont., Boussac. Form A. (7f). 

1915. Nummulites perforatus , de Mont., Dainelli. 


Plate II, fig. 9. 

This species is the megalospheric form of N. obtusus . It is 
rare in India, the only specimens of this species that I have been able 
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to examine being four from the shales of the Middle Kirthar (B), 
N. E. of Pabuni Chauki, Las Bela State, Baluchistan, where they 
occur associated with N. obtusus, which is abundant. The diameter 
of these specimens varies irom 5*6 to 3-2 mm., and the thickness 
from 3-7 to 1-9 mm. In a radius of lj mm. there ar^ 5 whorls. The 
structure of the septal filaments is well shown in the figured speci¬ 
men, and is typical of the species as found in Europe. 


(Ill) Nummulitos with meandriform septal filaments with columns. 


Nummulites carteki, D’Archiac and llaime. 

1853. Nummvlina sp. Carter. (9b). 

1853. Nummulites cartsri , A. and li (21). 

1861. Nummulites carleri, A. and 11., Carter (JOd). 

1906. Nummulites carteri, A. and H.,, Douvillfc. R (25a). 

Plate III, figs. 4-5. Plate IV, fig. 3. 

This large nummulite has been well described by Carter, and 
D’Archiac and Haime in naming the species referred to Carter’s 
original figures. The average diameter of the few specimens I have 
examined is 35 mm. and the thickness 3 to 4 mm. The structure 
of the septal filaments (see Plate III, fig. 4) shows that the species is 
related tt> N . gizehensis , but in the former the columns are distin¬ 
guished by being more elongate and larger, and on the surface bv 
forming granules. The whorls of the median chamber layer of 
specimens from Sind (Plate Ill, fig. 5) are more regular than shown 
in forms ascribed by R. Douvill6 to this species from Madagascar. 
The only locality from which I have specimens of this species is 
irom the upper part of the Middle Kirthar of Sukkur, Sind. I have 
not found t>he megalospheric form. 


Nummulites gizehensis, (Forks). 

1775. Nautilus T gizensis, (Forksal.) (29). 

1853. Nummulites gizehensis, Ehrenb., D’Archiac and Haime (21). 

1853. Nummulites lytlli, A. and H. (2j). 

1853. Nummulites caillauai, A. and H. (2k). 

1911. Nummulites gizehensis . (Forks.), Boussao. Form B. cum syn. (7g). 
1915. Nummulites gizehensis, (Forks.), Dainelli (15d). 



140 Records of the Geological Survey of India. [Vol. LIX. 

Plate III, figs. 3, 6 and 7. 

The Indian iorms of this species that I have examined have an 
average diameter of 19 mm., the maximum diameter observed being 
28 mm. The average thickness varies from 3-5 to 4 mm., the maxi¬ 
mum thickness observed being 4-5 mm. The synonymy of this 
very variable species has been given by Boussac. As regards the 
structure of the septal filaments Dainelli and Boussac have illustrated 
clearly that of specimens from Europe, and the filaments of forms 
from India resemble these closely. In an equatorial section (FI. 
Ill, fig. 7) there are 15 to 17 whorls in a radius of 10 mm. The septa 
are slender and curved, the whorl lamina? thick, and the width of 
the whorls practically the same throughout, after a very rapid growth 
in the first few whorls. I have not found the mogalospheric form of 
this species. The only locality from which I have specimens ot 
N. gizehcnsis is the upper part of the Middle Kirthar oi Sukkur, 
Sind, where the species is fairly common. 


Nummulites maculatus, sp. nov. 

Plate IV, figs.^ 2-6. 

This species of microspheric nummulite resembles Nummulites 
jizehensis. It has a similar thin lenticular shape and numerous 
narrow whorls. Also the septal filaments are meandrilorm with 
columns which in this species are larger and more circular than in 
N. gizehensis (compare Plate, fig. 6). 1 have not obtained specimens 

of the megalospheric form. 

Diameter of test from 32-8 to 16 0 mm., thickness from 5*7 to 
2*9 mm., average ratio ot diameter to thickness 5*8 to 1. The shell, 
which externally is nearly smooth, is rarely flat, being often curved 
near the edge, so that it is nearly impossible to obtain a complete 
thin equatorial section of the chamber layer. Border sharp, thickness 
varying little from the centre to near the periphery. Septal fila¬ 
ments very meandriform (fig. 3), about 60fi in thickness, spaced 
jairly regularly at a distance of 100 to 250p. Columns are situated 
on the filaments and occasionally between them. At right angles 
to the septal filaments fine transverse hair-like growths are sometimes 
found, which are only visible under high magnification as ip 
figure 5 f 
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In equatorial section (fig. 2) there are 26 whorls in a radius of 
1-2 mm. The width of the whorls varies little from the centre 
towards the periphery, the septa being numerous and spaced about 
•2 to -3 mm. apart. Septa straight to slightly curved. Chambers 
rhomboidal in shape, their outer border arched and the width 
usually greater than the length. Whorl laminae thick, in parts thicker 
than the width of the chambers. In an axial section (fig. 6) it may 
be observed that the exterior portion of each whorl lamina has a 
wide area of finely perforate shell substance, very different from 
that of N. gizehensis , as shown by D’Archiac and Haime (2m.). 

I have only found this’ species in Cutch State, the localities where 
it occurs being :—Horizon, Middle Kirthar, (B). (a) Upper part of 

Nummulitic Limestone, about 1 mile northeast of Ber Nana, Cutch 
(common). ( b ) From 2 miles north of Lakhmirani, Cutch. 

Genus, Assilina. D’Orbigny. 

Assilina cancellata, sp. nov. 

Plate V, figs. 1-3. 

Test flat, lenticular, with a sharp border and thickness nearly 
uniform from the centre to near the periphery. Average diameter 
35 nun., the maximum observed diameter 50 mm. Thickness varies 
from 3 to 1 mm. The exterior surface in well preserved specimens 
is smooth and devoid of structure. In certain cases the outer smooth 
shell lamina has been removed by weathering or, if not, it can be 
removed artificially with dilute hydrochloric acid so as to lay hare 
the structure of the septal filaments (as in fig. 1). Their stiucturc 
is however made most clear bv cutting a thin lateral section (see 
fig. 4), the lamina ot shell substance on either flank of the median 
chamber layer being about 1 mm. in thickness. The septal filaments 
consist of radiate ridges corresponding with the septa of the median 
chamber layer and ridges running along the upper surface ol the 
whorl laminae. The septal filaments resemble the ridges found 
on the exterior surface of Assilina exponents , from which species 
A. cancellata is readily distinguished by always having a smooth 
exterior, by being much larger and flatter and by possessing many 
more whorls. 

In an equatorial section of the median chamber layer (fig. 2) 
it is observed that the form is microsphoric. In a radius of 10 mm. 
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there are 18 whorls, in a radius of 19 mm. 27 whorls ; these increase 
gradually in width from the centre to the outer margin. The septa 
are slender and nearly straight, set at right angles to the whorl 
laminae. The width of the chambers is greater than their length, 
the ratio of width to length increasing from the centre to the exterior 
of the shell. 

Occurrence: —Horizon, Middle Kirthar (A), (a) From Rohri, Sind 
(common). (6) From Kot Deji, Sind, (c) From Jhand Mahomed, 
Sukkur, Sind. ( d ) Specimens in the British Museum (Natural 
History) labelled “ N. complamtus, Lam, Alore Hills, Upper Sind, 
No. P. 22439.” 

Assilina subcancellata, sp. nov. 

Plate V, fig. 4. 

This species is the megalospheric form of A. cancellata , and 
occurs associated with it at Rohri, Sind, where it is common. The 
diameter of the test, which externally is smooth, varies from 7 to 
9 mm., and the average thickness is 2-5 mm. The structure of the 
septal filaments is the same as in A. cancellata. In an equatorial 
section (fig. 3) there are 5 to 6 whorls in a radius of 3-5 mm., and the 
diameter of the megalosphere attains 1 mm. 

Assilina exponens, (Sow). 

1837. (1840) Nummularia exponent, (Sow.) pars. (59 a) Form B. 

1853. Assilina sp., Carter (9c). 

1853. Nummvlites exponens, (Sow.), D’Archiac and Haime (2n). 

1861. Assilina exponens, (Sow.), Carter, (lOe) and varieties a and b. 

1863. Assilina exponent, (Sow.), Scliafhautl. (53b). 

1908. Assilina exponens, (Sow.), Heim (34a). 

1915. Assilina exponens. (Sow.), JJainelli (15e). 

Plate V, figs. 5-6. Plate VI, fig. 1. 

In my recent paper on the Foraminifera of the Laki series (48a) 
I have given account of the dimensions, internal structure and other 
principal characteristics of A. exponens , and have shown how in 
India this species can be distinguished from A . granulosa , D’Archiac. 
The stratigraphical range of A. granulosa is restricted to the Laki 
series, and A. exponens ranges from the upper part of the Ghazij 
Shales (of the Laki series) to the top of the lower part of the Middle 
Kirthar, 
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The figured specimens (PI. V* fig. 5, Plate VI, fig. 1) are from 
Cutch, from which State Sowerby described the type of the species. 
The exterior ornamentation is somewhat variable, the specimens 
from Cutch having the septa and whorl walls protruding on the 
surface. Others from Baluchistan (as in Plate V, fig. 6) have small 
granules along the lines where the septa and whorl walls come to 
the surface. - Nearly smooth, small, globose forms, with an average 
diameter of about 10 mm. and thickness of 3 to 3*5 mm., are found 
in localities b and f. In an equatorial section of the shell (Plate 
VI, fig. 1) the regular growth of the spire and the straightnesB of the 
septa are characteristic of the species. 

Occurrence. —Horizon, Middle Kirthar (B) : (a) 1 mile south of 
Waghapadar (Waggerpudder), and 3 miles southeast of Sehe, 
Western Cutch ; (b) Mardan Nala, Mula River, Kalat State, Balu¬ 
chistan ; (c) northeast and west of Pabuni Chauki, Las Bela State, 
Baluchistan (abundant) ; ( d ) Pab Range, west of Shah Bilawal (Bilal) 
Las Bela State, Baluchistan ; (c) Taghoa, Loralai district, Baluchistan. 
From the upper part of the Ghazij Shales, 600 feet above the 
Dunghan Limestone ; (/) Sham plain, Bugti Hills, Baluchistan. 

Assilina mamillata, (D’Arch). 

1837. (1840) Nummularia exponent, Sow. pars. (596). Form A. 

1847. Nummulina mamillata , D’Arch. (1). 

1853. Nummulites mamillata, (D’Arch.), D’Archiao, and Haime (2o). 

1801. Assilina obesa, Carter (lOf). 

1908. Atailina mamillata, (D’Arch.), Heim (34b). 

1915. Atailina mamillata , (D’Arch.), Dainelii (15f). 

Plate VI, fig. 4. 

The specific name A. mamillata is universally applied to the 
megalospheric form of A. exponens with which it is always found 
associated. 1 have described the more important characteristics 
of the Indian representatives of the species in my recent paper on 
the Foraminifera of the Laki series (48a). A. obesa , Carter, is 
synonymous with this species. 

Assilina spira, De Roissy. 

1805. Atailina spira , de Roissy (52). 

1853. Atailina irregularis, Carter (9i). 

1853. Assilina spira, de Roisay, D’Archiac and Haime (2p). 

1911. Assilina spira, de Roissy, Bonssac, pars. Form B. (7h) cum syn. 

1915. Assilina spira, de Roissy, Dainelii (15g). 
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Plate VI, figs. 8-9. 

Carter described this species as A. irregularis from Sind, and 
Messrs. D’Archiac and Haime have recorded it from Sind, Subathu 
(Punjab), and Sylhet (Assam), but it is uncertain if any of the latters’ 
figures refer to specimens from India. This well defined and easily 
recognized species is abundant in the upper part of the Middle 
Kirthar of the hills south of Rohri, Sind. The average diameter of 
the shell is 20 to 25 mm., the maximum diameter observed being 
30 mm. The average thickness is 3 mm. Externally the whorl 
walls and septa usually protrude, but smooth forms with no orna¬ 
mentation are also found. Internally there are ten whorls in a 
radius of 11 mm. I have not observed the megalospheric form of 
this species. 

Assilina papillata, sp. nov. 

Plate VI, figs. 5-7. 

Test nearly flat, lenticular, with rounded border. Average dia¬ 
meter 17 mm., maximum diameter observed 19 mm. Average thick¬ 
ness 2 mm., maximum thickness observed 2-4 mm., the thickness 
being practically the same at the centre as at the periphery. Average 
ratio of diameter to thickness 8 to 1. 

External ornamentation characteristic and quite distinct from 
that of related species. In young specimens and in the centre of 
adults there are large and smooth granules where the septa come to 
the surface. In the outer portion whorl laminae are either slightly 
sunk or protruding, each septa forming a well marked ridge on the 
surface. Between the septal ridges are small granules arranged 
irregularly. Internally the primordial chamber is microspheric. In 
a radius of 7 mm. there are from 9 to 10 whorls. Septa slender, 
slightly curved near the exterior border. The width of the whorls 
increases gradually and somewhat irregularly. 

' In one quadrant of the 3rd whorl there are 4—6 septa. 
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Occurrence .—Horizon, Middle Kirthar (A.) : (a) Sukkur, Sind; (6) 
Kubba Shadi Shahid, 4 miles southeast of Khairpur, Sind (fairly 
common) ; (c) Kort Deji, Sind ; (d) Range southeast of Damach, 
Thana Bula Khan taluqa , Karachi district, Sind (common) ; (e) 
west of Laki village, Sind. 


Assilina subpapillata, sp. nov. 

Plate VI, figs. 2-3. 

This species is the megalospheric form of A. papillate described 
above, and is always found associated with it. The diameter of the 
shell varies from 5 to 6 mm. and the average thickness is 2 mm. 
Exteriorly the granules near the centre are very strong, the central 
part of the shell being usually depressed. In the outer whorl the 
septa form ridges on the surface with granules between as in A. 
papillata. In an equatorial section it is seen that the diameter of 
the megalosphere is about -3 mm. In a radius of 3 mm. there are 
6 whorls, which increase gradually in width from the centre to the 
periphery. The septa are slightly curved, in one quadrant of the 
second whorl there being 4 septa, in one quadrant of the 3rd whorl 
5-6 septa. 


Genus, ORBITOIDES. D Orbigny. 

Subgenus, Discocyclina, Gtimbei. 

Disoocycltna dtspansa, (Sowerby). 

1837. (1840). Lycopkyris dispa ns us, Sowerby (58o). 

1853. lion Lycophyris dispans us, Sowerby, Carter (9e). 

1861. T Orbitoides dispansa , (Sow.), Carter (lOg). 

1868 to 1888. non Orbitoides dispansa, (Sow.), Gumbt*l, Hantken, Brady, 
Friteoh, Martin, Jennings. For references see Sherbom (54). 

1896. non Orbitoides dispansa, (Sow.), Verbeek and Fennema cum syn. (62a). 

1897. Orbitoides dispansa , (Sow.), Medlicot and Blanford (44), 

1900. non Orbitoides dispansa, (Sow.), Martin (42). 

1900. non Orbitoides (Discocyclim) dispansa (Sow.), Jones and Chapman (36) 
1903. non OrUiophragmina dispansa, (Sow.), Schlumberger (56). 

1912. non OrUiophragmina dispansa, (Sow.), Douviil6 (19c). 

1915. non OrUiophragmina dispansa , (Sow.), Martin (43.) 

1917. non OrUiophragmina dispansa (Sow.), Cheochia-Rispoli (12) cum ayn. 

L 
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Plate VII, figs. 1, 2, 3 and 5. 

Sowerby originally described this specieB from Baboa Hill and 
Waghapadar (Waggerpudder) in Catch as follows “ Lenticular, thick, 
with very thin, expanded, sharp-edged margin ; grains on the surface 
largest in the centre ol the disk. Diameter £ an inch ”. Two important 
characteristics of the species are made clear by Sowerby’s descrip¬ 
tion and figures. One is that the columns of shell matter, where 
they protrude on the surface, form granules which are of larger dia¬ 
meter at the centre than near the periphery of the shell. The second 
is shown in his figure (Plate XXIV, fig. 1, a) illustrating that in an 
axial section the columns are seen to increase considerably in diameter 
from the centre to the periphery. These features above are suffi¬ 
cient to distinguish this species from D . javana var. indica, described 
below. 

Owing to Sowerby’s description not being sufficiently detailed 
much contusion has arisen around the nomenclature of the species, 
and many forms have been incorrectly referred to it. The above 
list includes the more important references to D. dispansa from India 
and the islands of the East Indies. All the forms referred to D . 
dispansa in Europe appear to have been incorrectly placed in this 
species. 

I have been unable to find the type specimens of D. dispansa 
in the British Museum (Natural History), but have collected speci¬ 
mens myself from one of the type localities, namely Waghapadar 
in Cutch, where D. dispansa occurs in the same beds as D. javana , 
var. indica y and D. sowerbyi , which are described below. The follow¬ 
ing is a more complete description ot the morphology of the shell 
of D. dispansa. 

Description .—Test rounded, globular to fairly flat, lenticular, 
with a wide raised mamelon. Border sharp. Average diameter 

8 mm., maximum diameter 10-5 mm. Average thickness 3-5 mm. 
Exterior granules, the terminations ot the vertical columns of shell 
matter large, irregular in shape and greatest in size at the centre 
of the shell. A thin lateral section a short distance below the upper 
surface exhibits well the structure ot the columns (fig. 3). It may 
be seen that some ot the columns are circular and others elongate- 
ovoid to C-shaped, their width (at right angles to the radius) is from 
•15 to -25 mm., their length (parallel to the radius) varies from -2 
to *4 mm. Surrounding each column there is a rosette of usually 

9 to 12 septa. 
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In an axial section (fig. 5) it may be seen that the median chamber 
layer is only about *075 mm. in thickness. The columns ot shell 
substance, where they start from the flanks of the median chamber 
layer, are narrow, and towards the periphery increase considerably 
in diameter. Occasionally near the outer margin they appear to 
bifurcate, this being due to their irregular shape, as is seen in hori¬ 
zontal section. An equatorial section of the median chamber layer 
is known to be of little value in the specific determination of the 
species ot the genus Discocyclina. The forms of this species that 
I have examined were microspheric, the arrangement of the annular 
whorls of cells being indistinguishable from that found in D. javana , 
var. indica described below. There are about 60 whorls in a radius 
of 3 mm. 

Previous Reference to the Species in India .—In 1853 Carter referred 
to D. dispansa a foraminifer, which has been classified in another 
genus Spiroclypeus (see DouvillG 44). In 1861 Carter gave an ex¬ 
cellent description of the internal structure of a species of the genus 
Discocyclina, but omitted certain important details from his figures, 
an omission which renders it uncertain if he were describing D. 
dispansa. For example, in his diagram (Plate XVI, fig. la) show¬ 
ing a lateral section of the columnar structure, the columns are much 
more regular than is typical of the species (compare fig. 3). Also 
in his diagram (fig. 1 b) the columns in vertical section aie much 
narrower than is found in D. dispansa (compare fig. 5). Except 
for the figures of the species of Blanford and Medlicot all the speci¬ 
mens referred to in the list above are more closely related to D. javana 
than to D. dispansa. 

Occurrence. —Horizon, Middle Kirthar (B) of the following loca¬ 
lities.: (a) 1 mile south ot Waghapadar (Waggerpudder) Cutch (com¬ 
mon); (5) 2 miles Southwest ot Godhathad (Gothahad), Cutch ; (c) 2 
miles weatof Lakhmiram, Cutch. From the Middle Kirthar (B), about 
2,§00 feet above the contact ot the Lower Kiithar with the Ghazii 
Shales, abundant in a thin limestone band : (d) Northeast of Drug, 
Loralai district, Baluchistan ; (e) Taghoa, Loralai district. Baluchistan 

Discocyclina javana, (Verbeek), var. indica, nov. 

1S70. Orbitoidss dispansa, Sowerby, Giimbel. pars. (31a). 

1892. Var. of OrbUoides papyracta, Boubee var. javana , Verbeek (61). 

1896. Orbiioidts papyracsa, bouWe var. javana, Verbeek, Verbeek and Ftnnema, 
(62b). 

1912. Var. of Orihophragmina javana, (Verbeek), DouvilU (19d). 
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Plate VII, figs. 4, 6, and 7. Plate VIII, fig. 4. 

The Indian variety differs from D. javana by being smaller and 
proportionately more globose. The average diameter of the Javan 
forms is from 20 to 30 mm., and that of the Indian forms 11 mm., 
the maximum diameter observed being 13*1 mm. The Indian variety 
is globose, lenticular, with a sharp border. The thickness of the 
Javan types is from 6 to 3 mm., and that of the Indian forms from 
4*7 to 3-4 mm., the average thickness being 4 mm. The Indian variety 
of this species from Sind has been incorrectly described as D. dis- 
pansa by Giimbel. In his figures 40 and 41 he illustrates young 
forms, and in figures 44 and 45 shows the cells of the median chamber 
layer. His figures 46 and 47 show the structure of the columns 
in the lateral chamber layer, and these are clearly different from 
those of D. dispansa described above. 

A lateral section (Plate VIII, fig. 4) of the columnar chamber layer 
a short distance below the upper surface shows that the diameter 
of the columns varies from -1 to -13 mm. The columns are sub- 
circular in cross section and the distance from the' centre of one 
column to another is from -18 to -23 mm., each column being sur¬ 
rounded by 5 to 6 septa. 

In axial section (Plate VII, fig. 7) the columns of shell substance 
vary little in diameter from the centre to the upper and lower lateral 
surfaces. Median chamber layer narrow, as in D. dispansa. In 
equatorial Bection of the median chamber layer (Plate VII, fig. 4) 
the specimens examined were microspheric. Annular whorls of 
cells numerous, near the centre 40 in a radius of 2 mm. Cells two 
or three times as long as wide, there being about 25 cells in 1 nun. 
of circumference at about 2 mm. from the centre of the shell. 
Average length of the cells -06 mm. and width *03 mm. 

Occurrence. —I have examined specimens of this species which is 
common in the Middle Kirthar (B) : (a) 1 mile south of Waghapadar 
(Waggerpudder), 3 miles southwest of Sehe, 2 miles west of Lakhimirqni, 
\\ miles east of Jhadwan, Western fcutch. From about 2,600 feet 
above the contact of the Lower Kirthar with the Ghazij Shales; (b) 
east of Garmaf hot spring, Buzdar tribal tract, Dera Ghazi Khan 
district, S. W. Punjab; (c) from Taghoa, Loralai district, Baluchistan ; 
(d) from Kalu Kushtak Nala, 5 miles northwest of Dera Bugti, Bugti 
Hills, Baluchistan. From the shales of the Middle Kirthar ; ( e) northeast 
and we3t of Pabuni Chauki, Pab Range, Las Bela State, Baluchistan ; 
(/) Madras Nala, Mula River, Kalat Slate, Baluchistan. 
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Discocyclina sowerbyi, nom. nov. 

1820. non Lenliculites ephippium , Schlotheim (55). 

1837. (1840) Lycophris ephippium, Sowerby (68d). 

1853. Lycophris ephippium , Sowerby, Carter (9f). 

1870. non Orbitoides ephippium , Schioth. Giimbei (31b). 

1876. r Orbitoides ephippium , (Sow.), Zittel (68). 

1922. non Discocyclina ephippium , (Sohloth.), Douville (24a). 

Plate VIII, figs. 1, 2 and 3. 

Sowerby’s original description of this species is as follows 
<£ Orbicular, depressed, curved so as to resemble a saddle, with gently 
elevate umbo on each side; margin thick, obtuse, with a narrow 
waved keel in the middle ; grains on the surface small and equal. 
Diameter 1^ inches, thickness 3 lines. ” Writing ol Lycophris 
ephippium and L. dispansa he also states that “ these two fossils 
may possibly be different stages of growth of the same specie8. ,, 

Regarding the shape of the test in adult forms it is saddle-shaped 
as in the type specimen of Sowerby’s figure 15, preserved 
in the British Museum (Natural History). The young forms are 
however very variable in shape, some being flat to wavy, subcircular 
discs, with a thickness of about 4 mm. The largest saddle-shaped 
form that I have examined is 33 mm. in diameter and 7 mm. in thick¬ 
ness. The thickness is nearly uniform at all points of the test 
except at a slightly inflated area by the central umbo. 

The structure of the columns of shell substance is quite distinct 
from that of D. dispansa , described above, but is similar to that of 
D. javana var. indica. The columns are subcircular in cross-section 
from -1 to *15 mm. in diameter, the distance from centre to centre 
of neighbouring columns being *2 to -3 mm. Surrounding each 
column is a rosette of 5 to 7 septa (see figs. 2 and 3). The columns 
differ from those of D. ephippium , Schioth., which, according to 
Douvilli, attain -1 mm. in diameter and are surrounded by 11 to 13 
petals. 

In axial section (fig. 1) it is seen that the median chamber layer 
is narrow and increases in height from the centre to the periphery, 
where it has a maximum height of *1 mm. Walls of the annular 
chambers arched exteriorly. Columns of shell substance in the 
lateral laminae nearly uniform in thickness from the centre to the 
outer surface of the shell. Owing to the irregular shape of the test 
it ia not possible to obtain a complete equatorial section of the median 
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chamber layer. All the specimens of which sections were obtained 
were microspheric : the chambers were longer than wide, the width 
varying from *05 to -1 mm. and the average length being -1 mm. 

Occurrence. —J have examined specimens of Z>. sowerbyi from the 
Middle Kirthar (B) of the following localities a toe.—(a) 1J miles 
north of Waghapadar (Waggerpudder), 2 miles southwest of Godhathad 
(Gothahad), 1| miles east of Jahdwan, and 2 miles weBt of Lakhimirani, 
Western Cutch ; (6) Taghoa, Loralai district, Baluchistan. From about 
2,000 ieet above the contact of the Lower Kirthar with the Ghazij 
Shales ; (c) east of Drug, Loralai district, Baluchistan. From the 
same stratigraphical horizon as c ; (d) East of Garmaf, Buzdar tribal 
tract, Dera Ghazi Khan district, S. W. Punjab. From the shales 
of the Middle Kirthar ; (e) Mardan Nala, Mula River, Kalat State, 
Baluchistan. From the Middle Kirthar (A); (/) Kot Deji, Sind ; (#) 
West of Laki village, Sind. 


Discocyclina undulata, sp. nov. 

Plate VII, figs. 8, 9. Plate VIII, fig. 5. 

Shell flat, lenticular, with a sharp border and a prominent central 
mamelon. Surface uniformly granular, granules on the marginal 
flat portion of the shell sometimes arranged concentrically, their 
size not varying from the centre to the periphery. Diameter of 
test varies from 8 to 11 mm., thickness from 2-0 to 2-5 mm. 

In a laterial section a short distance below the upper surface 
(fig. 9) the diameter of the columns of shell substance varies from 
70 to 100(i, the average being 87(i. The distance from centre to 
centre of neighbouring columns is 270 to 160|i, the average distance 
being 210fi. Each column is surrounded by 6 to 7 septa, which 
are gently and irregularly curved in their course from column to 
column. D . undulata belongs to the group of D. archiaci , Schlum- 
berger (see Douvill6, 246) and is readily distinguished from any 
of the related forms by the above characteristic wavy arrangement 
of the septa surrounding the columns. 

In axial section (fig. 5) the height of the median chamber layer is 
from 40 to 50|i, and the megalospheric primordial chamber elongate- 
oval in cross-section, the average length GOOfi, and height 250p,. 
In equatorial sections all the specimens examined were megalo¬ 
spheric, the primordial chamber being subcircular to oval with a 
diameter of 770 to 440|i. Beginning from the border of the pri- 
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mordial chamber in a radius of 1 mm. there are about 14 whorls of 
cells, each about *04 mm. in width. 

Occurrence :—This species is abundant in the Middle Kirthar (B), 
east of Garmaf, Buzdar tribal tract, Dera Ghazi Khan district, S. W. 
Punjab, being found in beds about 2,600 feet above the contact of 
the Lower Kirthar with the Ghazij Shales. At this locality there are 
some thin limestones entirely made up of this fossil, which I have 
not found elsewhere. 

Subgenus, Actinocycjlina, Giimbel. 

ACTItfOCYCLINA ALTICOSTATA, 8p. UOV. 

Plate VIII, figs. 6, 7 and 8. 

Shell circular with a central mamelon, surrounded by 8 to 12 
fairly wide prominent rays. Diameter of the test varies from 8 
to J5 mm. There are 8 or 9 rays starting from the centre, and at a 
distance of about 3 mm. from the centre other rays appear, which 
are only seen fully developed in adult individuals. The surface is 
covered with fine granules. 

In an equatorial section (fig. G) of a megalospheric individual the 
arrangement of the first chambers is as in that of Orthojthragmina 
radians , D’Archiac as figured by Sehlumberger (57a). The maxi¬ 
mum diameter of the first chamber is 260p, and that of the partially 
circumambient chamber 400(jl. The rectangular chambers become 
narrower and more elongate from the centre to the periphery of the 
shell, their length varying from 70 to 90p., and their width from 
20 to 10(jl. In the lateral lamina) of shell substance the diameter 
of the columns is not over lOOjx, and each is surrounded by 4 to G 
petals. 

This species belongs to the group of A. radians, D’Archiac (see 
DouvillA H. 24c). It is related to A. lucifera , Kaufmann (37), 
which has 10 to 16 narrow rays on the surface and a diameter of 5 
to 6 mm. It closely resembles OrthojAiragmina sp of Sehlumberger 
(576), which specimen is incomplete. The nearest related species 
that has been described is Orthophragmina colcanapi, Douvill6, 
R. (256), from which A. alticoslata may be distinguished by its 
smaller, diameter and by having fewer rays which do not bifurcate. 
This fossil is rare in India, and 1 have only obtained 12 specimens 
from the Middle Kirthar (B), 2 miles west of Lakhimirani and 1$ 
miles east of Shad wan, Western Cutch. 

m i 
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(67) Wynne, A. B. . The Geology of Cutch. Mem. Geol. 

Surv. Ind ., Vol. IX (1869), pp. 1-289. 

(68) Zittel, K. A. . . Handbuch von Palseontologie. Vol. I 
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EXPLANATION OP PLATES. 

PLATE L 

Figs. 1 and 2.—( x 3). Nummulites stamineus, sp. nov Kalu Kuehtak Nala, 5 miles 
N. W. of Dora Bugti, Bugti Hills, Baluchistan. Holotype, fig. 2 :—2 
miles S. W. of Godhathad (Gothahad), Cutch. 

Fiq. 3 —( x 5). N. stamineus , sp. nov. Equatorial section ; 1 mile S. of Waghapadar 
(Waggerpudder), Cutch. 

Figs. 4, and 5.—(Xfi). A. beaumonti , D’Arch. W. of Dawagar, DeraGhazi Khan 
foothills, S. W. Punjab. Fig. 5 :—Equatorial section. 

Figs. 6, and 7.—(Xh) AT. laevigatus , (Brug.) ; Rohri, Sind. Fig. 6 :—Equatorial 
section. Fig. 7 :—Lateral section. 


PLATE II. 

Figs. 1, 2 and 3—(x3). Nummulites acutus, Sow. Figs. 1, and 2:—2 miles 
S. W. of Godhathad (Gothahad), Cutch. Fig. 3 :—Sowerby’s original 
type from Lakhpat (Lukput), Cutch. 

Fig. 4.—(X5). N . acutus, Sow. Lateral section ; same locality as fig. 1. 

Figs. 5,6, 7 and8.—(x5). N. scaber, Lam. Fig. 5 :—Axial section ; Rohri, Sind. 

Fig. 6 :—Lateral section ; W. of Laki village, Sind. Fig. 7 :—Lateral 
section ; Rohri, Sind. Fig. 8 :—Equatorial seotion ; Rohri, Sind. 

Fig. 9. —(x5). N. perforalus , (de Mont.); N. E. of Pabuni Chauki, Las Bela State, 
Baluchistan. 

Fig. 10—(x 2). N. obtusus , Sow. Mardan Nala, Mula River, Kalat State, Baluchi¬ 
stan. 


PLATE HL 

Figs. 1 and 2.—(X 5). Nummulites obtusus, Sow. Lateral sections. Fig. 1 :— 
Sham plain, Bugti Hills, Baluchistan. Fig. 2 *—Kalu Kushtak Nala, £ 
miles N. W. of Dera Bugti, Bugti Hills, Baluchistan. 

Fig. S. t -(x2). N. gizehensis , (Forks.); Rohri, Sind. 

Figs. 4 and 5.—( X 5). N. carteri , D*Arch, and Haime. Sukkur, Sind. Fig. 4 
Lateral section. Fig. 5 :—Equatorial seotion. 

Figs. 6 and 7.—( Xfi). N. gizehensis , (Forks.) Rohri, Sind. Fig, 6 —Lateral seotion 
Fig. 7 ;—Equatorial surface. 
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PLATE IV. 

Fig. 1.—(x2). N. carteri , D’Aroh. and Haime. Sukkur, Sind. 

Fig. 2.—(X 5). N. maculatus , sp. nov. Equatorial surface ; 1 mile N. E. of Ber 
Nani, Cutcb. 

Fig. 3.—(x 2). N . maculatus, sp. nov. Holotype. Same locality as fig. 2. 

Fig. 4. —(xfi). Do. Lateral seotion. Same locality. 

Fig. 5.—(xlO). Do. Axial section. Same locality. 

Fig. 0.—(X 25). Do. Part of lateral section of fig. 4 magnified. 


PLATE V. 

Fig. 1.—(X2). Assilina cancellata, sp. nov. liohri, Sind. Holotype. 

Fig. 2.—(X5). Do. Equatorial section ; same locality. 

Fig. 3.—(X6). Do. Lateral section; same locality. 

Fig. 4.—(x5). A. subcancellata, sp. nov. Equatorial section ; same locality. 
Figs. 5 and 0.—( x3). A. exponens, (Sow.). Fig :— 5*3 miles S. E. of Sehe, Cutch. 
Fig. 6 ;—W. of Pabuni Chauki, Las Bela State, Baluchistan. 


PLATE VI. 

Fig. 1.—( xfi). Assilina exponens, (Sow.). 1 mile S. ef Waghapadar (Waggerpuddcr), 
Cutcli. Equatorial section. 

Figs. 2 and 3.—( x3). A. subpapillata, sp. nov. Fig. 2 :—Holotype. Kubba Shadi 
Shahid, S.E. of Khairpur, Sind. Fig. 3 :—S. E. of Hamacb, Thana Bula 
Khan laluqa, Karachi district, Sind. 

Fig. 4. —(x2). A. mamillata, (D’Arch.) , 3 miles S. E. of Sehe, Cutch. 

Fig. 5.—( x3). A. papillata, sp. nov. Holotype ; same locality as fig. 3. 

Fig. 6. —( x 5). A . papillata, sp. nov. Equatorial Section. Kot Deji, Sind. 

Fig. 7.— ( X 3). A. papillata, sp. nov. ; same locality as fig. 2. 

Figs. 8 and 9.— (x2). A. spira, de Roissy. Rohri, Sind. 


PLATE VII. 

Figs. 1 and 2.— (Xfi). Discocyclina dispansa, (Sow.). Fig. 1 :—Neotype. 1 mile 
S. of Waghapadar (Waggerpuddcr), Cutch. 

Fig. 3.—(X7*fi). D. dispansa, (Sow.). Lateral Section ; same locality as fig. 1. 

Fig. 4.— (x7-6). D. javana, (Verbeek.) var. indtea, nov. Lateral section ; same 
locality as fig. 1. 

Fig. 6.—(x7*5). D. dispansa , (Sow.). Axial section ; same locality as fig. 2. 

Fig. 0.—( X6). D . javana, (Verbeek.) var. indica, nov. ; same locality as fig. 1. 

Fig. 7.—(x7*6). Do. Axial section ; same locality as fig. 1. 

Fig. 8. —(Xfi). D, undulata , sp. nov. Holotype. E. of Garmaf, Dera Ghazi Khan 
district, S. W. Punjab. 

Fig, 9,—(x20). Da Lateral section ; same Jooality as fig. 8. 
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PLATE VIE 

Fig. 1.—(x 10). Diseocydina aowerbyi , nom. nov. Axial section ; 2 miles S. W. of 
Godhathad (Gothahad), Cutoh. 

Fig. 2.—(xlO). Do. View of portion of the exterior. 

Fig. 3.—(x 10). Do. Lateral section. 

Fig. 4.— ( x20). D. javana (Verbeek.) var. indica, nov. Equatorial seotion. Same 
locality as PI. VII, fig. 1. 

Fig. 0.—(x 7*5). D. undulata, sp. nov. Axial section ; same locality as PL VH, 
fig. 8. 

Fig. 6.—(Xll). Actinocydina aUicostata , sp. nov. Equatorial seotion; W. of 
Lakhimirani, Cutoh. 

Figs. 7 and 8.—(x5). A. aUicostata , sp. nov. Fig. 8 : —Holotype. Same locality 
as fig. 6. 
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Sampling Operations in the Pench Valley Coalfield. 
By G. V. Hobson, B.Sc., A.R.S.M., D.I.C., Assoc. 

Assistant Superintendent, Geological Survey of 
India. (With Plate 9.) 


Introduction. 

W HILST making a general inspection of working methods in the 
Pench Valley coalfield, Chhindwara District, Central Provinces, 
in the year 1924, the writer took the opportunity of obtaining a 
number of samples from the various collieries on the field. As far 
as time permitted a sample was taken from each working colliery 
because, up to that time, no precise correlation of the seams in this 
field had been made. This correlation has been taken in hand by 
Dr. C. S. Fox in his resurvev of the coalfields of India, and in this 
connection the sampling results will probably be of some assistance 
The first hint as to the presence of coal in this area is contained 
in a description of the Trap Formation of the Sagar District by 
Captain S. Coulthard 1 in 1827, who in a foot¬ 
note says “ Between Kaisler and the Bhora 
Nadi there is coal. The Towa Nadi should be 
followed to its source, or until it is shown from whence it receives 
the coal fragments found in its bed.” 

The earliest record of the in situ occurrence of coal in this area 
is that of Lieutenant Sankey and Dr. Jerdon * in 1852, who report 


Previous work In this 
Held. 


1 Asiatic Researches, Vol. XVIII, p. 72, (1833). 

* Quart. Journ. Oeol. Soc., Lond., Vol. X, p. 55, (1853). 
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that coal crops out on the bank of a stream at the village of Chhota 
Burkoi ir a layer about one foot thick. Mention is also made of 
coal in this area by the Rev. S. Hislop 1 9 but without giving much 
information as to the coal itself, and the same author discusses 
the age of the strata. 2 

The earliest information as to the quality of the coal is given 
by A. Sopwith, 3 who quotes the following average of seven samples, 


Per cent. 

Fixed carbon ......... 54*63 

Volatile matter ......... 26*21 

Ash.1916 


but he gives no information as to whero the samples were obtained. 
In 1866 W. T. Blanford 4 made an examination of tho field, in which 
numerous outcrops of coal had by then been discovered, mainly 
through'the perseverance of Major Ashburner, the Deputy Commis¬ 
sioner of Chhindwara at the time. Blanford gives details, such as 
thickness, dip, etc., of several exposures of coal and he names them 
after near-by villages. In the case of four of these, fair samplos 
were taken over the best part of tho seam by means of small frag¬ 
ments broken out at intervals ; the analyses of those were as follows :— 


Name. 

Thickness 
of good 
coal. 

Fixed 

carbon. 

Volatile 

matter. 

Ash. 


Ft. 

in. 

i 

Per cent. 

Per cent. 

Per cent. 

Chhinda (Chenda) .... 

12 

3 

61 

16 

23 

Barkui (Barkoi) about 

6 

0 

50*3 

26 

23*7 

Butaria (Bhutaria) about . 

5 

10 

49*3 

26*5 

24*2 

Sirgora about . . . * j 

4 

9 

61*6 

28 

10*4 


Chhinda and Sirgora are in the extreme easterly part of the 
field, in which no development has yet been done. Barkoi and 


1 Quart. Joum. Qeol. 8oc., Land., Vol. XI, p. 655, (1856). 
t Joum. Asiat. Soc. Bengal, Vol. XXIV, p. 347, (1865). 
*&Trane. Manchester Qeol Soc., Vol. VU, p 32, (1807). 

*1 Hec., Qeol. Surv. Ind., Vol. XV pp. 121.137 (1882). 
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BJmtaria arc in the contrc section and the above results may be com 
pared with the vvi iter’s samples from East Barkui and Barkui Nos. 2-3 
(see page 1 8) on a moisture-free basis, bearing in mind that the 
above figures represent, more or less, outcrop coal. 

During the period 1884 to 1886 E. A. Jones 1 made a complete 
examination of tho coalfields of the Satpura Gondwana Basin, in 
which is included the Bench Valley Area. Jones gives the following 
analyses, with a note that they represent outcrop coal :— 


Sample. 

Moisture. 

Volatile 

matter. 

Fixed 

carbon. 

Ash. 

i 

Remarks. 


Per cent. 

Per cent. 

Ter cent. 

Per cent. 


Takia (Takca) River 
near Datla. (T<»p 
of scam ) 

3 42 

19-28 

29-10 

48-20 

Docs not cake. 
Ash light prey. 

Takia River near 

Datla. (o feet 

below top of 

Beam.) 

3-50 

19-04 

28-02 

48-78 

Ditto. 

Between Datla and 
Badeo (Bn dee). 

5-34 

28-30 

48-58 

17-72 

Does not cake, 
but sinters 

slightly. AbH 
light red. 

Pa tiara (Paimaia) 

2-l(> 

18-92 

37-74 

41-18 

Does not cake, 
but sinters 

slightly. Ash 
red. 


At the time oi the writer’s visit all work at Tanara was closed 
down. A spocimon was taken from some old stock heaps and 
subjected to field coking tests but gave no coke. It was not con¬ 
sidered worth while to analyse the specimen. 

The result for the coal between Datla and Badeo may be com¬ 
pared with the writer’s figures for Badhi Colliery (see page 181) 
from a sample of the full seam. 

Ditmas 2 deals mainly with working methods, costs, etc., but on 
page 131 he gives analyses of seven samples but with no details as 


1 Mem., Gaol. Surv. Ind. t Vol. XXIV, pp. 1*58. 

2 Tram f. N. J67. Inst. Min. Mech. Eng. t Vol. LXI, Pt. 3, (1911). 
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to how the samples were taken, or what thiokness they represent 
or from what locality they were derived. 


Sample. 

Volatile matter. 

! 

Fixed carbon. 

Ash. 

Evapourating 
power in lbs. of 
water. 


Per oent. 

Per cent. 

Per cent. 


1 

31-00 

55-30 

13-70 

11-00 

2 

28-00 

I 61-60 

10-40 

11-85 

3 

26-00 

50-30 

23-70 


4 

1600 

61-00 

23-00 

• • 

5 

26-50 

49-30 

24-20 

• • 

6 

27-76 

47-31 

13-42 

-• 

7 

28-45 

47-24 

11-05 

•• 


W. Randall 1 gives the following as a typical analysis of Pencil 
Valley coal :— 

Per cent. 

Moisture ......... 6 

Volatile matter .29 

Fixed carbon ......... 46 

Ash.19 

He classifies the coal as of the sub-bituminous non-coking type 
and says that it cannot be cleaned to yield coking products. 

Ball and Simpson 2 in their “ Coalfields of India ” quote some prev¬ 
iously published analyses but give no fresh information as to quality. 
The Quinquennial Review of Mineral Production for 1919-23 3 also 
gives no additional information on this point. 

Sampling. 

The area over which the samples, herein described, were taken 
stretches from the Kanhan River on the west side to the Ponch 











169 


Part 2.] JEtoBSori : Santplirig in Pench Valley Coalfield. 


River east of the Pachmarhi-Chhindwara road. The samples were 
cut from a site in each pit selected to fulfill 
the following conditions as nearly as possible :— 


Selection of site. 


(i) To give a comparatively freshly cut face. 

(ii) To give a full section of the seam from floor to roof. 

(iii) To give as smooth a face as possible but to avoid a cleavage 

face. 

(iv) To include in the sample no more than the average number 

of cleats. 

(v) To avoid any very apparent irregularities in the seam, 

(vi) To avoid proximity to a fault, dyke or other natural 

feature, likely to affect locally the quality of the coal. 

The second of these conditions constitutes a difficulty in the Pench 
Valley, due to the fact that in most cases the roof and floor of the 
seam are composed of black shale very s’m'lar in appearance to 
much of the coal. In a good light, on the suiface, it is not always easy 
to distinguish the shale from the coal, and in the indifferent light under 
ground this difficulty is enhanced. Furthermore, there is no very 
marked dividing line between the seam and its roof and floor j the 
coal appears to grade into the shale both above and below. On 
this account it is usually a matter of opinion, to be decided by 
inspection, as to what actually constitutes the top and bottom 
of the seam. For example, in one case a site was selected for 
taking the sample and, on close examination for the purpose of 
locating the top of the seam, it was found that the miners had 
gradually worked up into the roof some 10 to 12 inches, leaving 
a corresponding thickness of coal on the floor. It is necessary that 
the third condition should be fulfilled, so that surface irregularities 
shall not be too great in proportion to the depth of the sample 
cut, since the harder coal, which tends to stand out, is of poorer 
quality. 

The question of cleats is important, because the cleavage in 
the coal in.parts of this field is quite marked, this being particularly 
the case in the Junnor Deo Colliery, where perfectly smooth cleavage 
faces are found running the full length and height of pillars. Such 
cleavage faces are almost invariably contaminated and iron pyrites 
oocurs on them in more than average quantity; thus such faces 
must be avoided and for the same reason condition (iv) must be ful¬ 
filled. 
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The coal in the proximity of a fault will not yield an average 
sample and in the vicinity of trap dykes has in some cases been 
completely spoilt. 

Having selected the site from which to cut the sample the follow¬ 
ing procedure was carried out. In this connection it may be 
mentioned that since the sampling operations 
Cutting the sample. were carried out in conjunction with other work 
it wss necessary to adopt a method which 
would yield a satisfactory sample in the minimum of time. 
At the selected site the working place was roughly cleaned out 
and where necessary roof and floor coal was cut away to give a 
full section of the seam. All loose coal was then cleaned back 
from the face and the latter thoroughly brushed down to remove 
dust, etc., which would affect the sample, as, on the whole, the fresh 
dust is the richest part of the coal. Chalk lines were then drawn 
on the coal face from floor to roof, the lines boing from 4 to G inches 
apart, the interval depending on the thickness of the seam. A 
canvas sheet having been spread on the floor close up to the face 
the actual cutting was commenced. First an undercut was made 
by the writer at the extreme base of the seam by means of a 
steel drill with chisel edge, the drill being about two feet long 
and used jumper-fashion. This undercut was made the full width 
of the sample cut and to the desired depth and for about 4 to G 
inches up from the base. The coal so cut was caught on the 
ground-sheet. 

The coal here is very hard and it would have taken practically 
a whole day to cut one sample by moans of the chisel, so the rest of 
the sample was cut by miners, using the ordinary miner’s pick, under 
the supervision of the writer. With the undercut and the chalk 
lines it was found that the average miner made quite a satisfactory 
cut; the only check necessary was to make them tako short, sharp 
strokes with the pick, as their ordinary stroke tends to make the 
coal fly and at times cuts a much larger piece than is desired. Whilst 
the cut was being made in this way an ordinary miner’s basket was 
hold in front with its edge against the coal in the cut and just below 
the point at which cutting was proceeding, the basket being tilted 
up at an angle of about 45°. In this way the miner was able to 
work his pick from above and the coal was cut outwards into the 
basket, which prevented it flying; any fine coal sifting through 
the basket was .caught on the canvas ground-sheet. Tho basket 
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was emptied from time to time on to the sheet, to lighten it, and 

finally all the coal which had been cut was transferred to the sheet. 

The cut was then trimmed up and brushed down to remove all 
loose bits and dust, the final cut being from J to 2 inches in depth. 
All the coal taken having thus been put on to the ground-sheet, the 
four corners were gathered together and sheet and coal dumped 
into a miner’s basket and carried back to camp. The bulk sample 
so obtained varied from about eighteen to twenty-four pounds in 

weight, according to the thickness of the seam. The total height 
which had been sampled was carefully measured and the result 
recorded. 

Tho bulk samples so obtained were reduced in camp, to lessen 
transportation charges to Calcutta, but particularly to enable the 
samples to be kept under uniform conditions, 
Reduction of sample. this being a simpler matter w ith small 

samples. 

The bulk sample was weighed and then transferred to a sieve, 
having half-inch holes, placed over a sampling sheet of American 
cloth. The oversize was reduced in an iron mortar with hand 
pestle until the whole sample had passed through the half-inch 
sieve. The sample was then transferred to another sieve having 
quarter-inch holes, placed over a second sampling sheet. In this 
way an oversize was obtained of coal between l inch and J inch 
and an undersize of material j inch and under. The undersize and 
oversize w r ere independently coned and quartered, in the usual way, 
to yield a sample of one half to one quarter of the original sample, 
depending on the weight of the latter. The oversize was then re¬ 
duced in the mortar until the whole passed through the \ inch sieve, 
mixed w r ith the undersize sample and the whole coned and quartered 
to yield about half. The material, now’ all minus J inch, was again 
reduced in the mortar until all passed a 20-mesli screen, this 20- 
mesh material being coned and quartered to yield a final sample of 
about one pound. The final sample was put into a specially 
made tin canister, sealed up and labelled. Tho canisters 
wore packed into boxes holding twelve tins and despatched to 
Calcutta. 

There are certain inherent difficulties in carrying out these 
operations in the field, which aro absent when working in the labora- 


Santpling difficulties* 


tory or in a proper sampling room, and these 
have to be guarded against as far as possible. 
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A sampling floor was first prepared by clearing, levelling and 
beating down the ground for a sufficient space on which to lay the 
sampling sheets. In spite of this, irregularities remained or developed 
and these made the process of quartering satisfactorily, somewhat 
difficult. Wind is also apt to be troublesome as it blows away the 
fine dust; this would tend to upset the sample, as the fine dust 
probably contains a higher proportion of the clarain, which is of 
better quality. This dusting can be reduced by erecting temporary 
screens round the sampling ground. The ill effect of the dusting is 
probably largely counterbalanced by the fact that the clarain breaks 
readily when cutting the sample, falls and is all caught on the ground 
sheet, whereas if there is any loss from flying pieces (and some slight 
loss on this account is almost inevitable) the material so lost will 
contain a higher proportion of durain. 

In the laboratory each sample was reduced by coning and quarter¬ 
ing to one half, and this sample was ground in a small mechanical 

t , rotary mill to pass a 100-mesh screen, the final 

Laboratory sampling. ^ & wide . mouth<?d gla88 

bottle with ground glass stopper. For the various tests and analysos 
the material was spread out and small grab samples taken from 
various points to give an average product. 

In all cases rough field coking tests were made with some of the 
discarded material from the samples. This material had been 

F eid cokln tests. ground to pass a J inch sieve and was damped 
8 and packed into a small earthenware vessel, 

the opening of which was then plugged with clay. The container 
was heated in a camp fire for about one hour. 

The object of making these field tests was to ascertain whether 
the degree of freshness of the coal had any appreciable effect on its 
coking properties. The results showed that whilst in some cases a 
poor coke was obtained in the field and not in the laboratory, on 
the whole if satisfactory coke was obtained in the field then coke 
was also obtained in the laboratory after the lapse of six or seven 
months. 


Details of the Samples. 

The following are the results obtained with the samples taken; 
the results have been tabulated in Table II, page 201 for ease of 
comparison. The data axe herein given commencing with the moat 
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easterly sample and finishing with the westerly group of samples. 
The numerals under each name indicate the locality as marked on 
the accompanying map with a figure in a black circle. 

In the determination of calorific value, which was carried out 
in the Bomb Calorimeter, no allowance has been made for the 
hydrogen and moisture in the coal, so that the results include 
their latent heat of steam. It is to be remembered that Caloiies 
X 1*8 = B. T. U’s. 

There are some new workings situated about 
RwMwara. ^*19)^* °* half-a-mile N. E. of the village of Rawanwara 
which have not yet received any name. The 
workings consist of a vertical shaft which is reportod to have 
cut 7 feet of coal at a depth of 45 feet, but it was im] ossible to check 
this. An incline put down near-by first crossed a trap d\ke and had 
just cut the coal but without exposing a full section of the seam. 
It was impossible to get a true sample, but a basketful of coal was 
taken and treated in the usual way with the following result:— 


Moisture 


2-33 per cent. 

Volatile matter 


. 8-31 „ 

Fixed carbon 


. 73*25 „ 

Ash 


. 16*11 „ 

Colour of ash 

. 

. Dark brown. 

Coking powers j 

In the laboratory . 

In the field 

. Non-coking. 

. Slight sintering effect. 


The coal was unavoidably taken from fairly near the trap dyke 
above mentioned, which may be responsible for the very unusual 
results obtained with this coal. 

0 „ ... Tlie Rawa nwara colliery is situated west of the 

elite,. viu „ ge of , hat Mme almig tbe road f[om 

Rawanwara to Dongar Parasia. The main 
workings had been closed down recently owing to a collapse and new 
work commenced to the north, on the opposite bank of the stream 
course; it was impossible to sample this work owing to flooding. 
To the east of the old main workings extraction was being carried 
out from an adit driven in the south bank of the stream already 
referred to. The seam here worked is called the “ two-foot-six 
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seam ” ; this was sampled over 
the analysis was as follows:— 

Moisture .... 
Volatile matter 
Fixed carbon 

Ash. 

Colour of ash 
Calorific value 

. ( In the laboratory 

Cokmg power, K nthefiold _ 


a height of 2 feet 4 inches and 

. . . 5-55 per cent. 

. 29-84 „ 

. 49-35 „ 

. 15-20 „ 

. . . Very light brown, 

. . . 0,286 calorie*. 

. . . Non-coking. 

. Gave a very poor soft 
ooke. 


The Chikhli colliery is situated against the north side of the 

Great Indian Peninsula Railway line, at the point east of Iklehra 
(Eklaira) station where the line turns south, the 
CoU?ery? n (14)- ChIkhU actual colliery being on the east bank of the 

stream there. The seam here is in two parts 
with an 8-inch shale band towards the top. Originally the full 
thickness was taken out but, at the time of sampling, recent work 
was confined to the bottom or floor coal, which was accordingly 
sampled separately. Since the later work was confined to the floor 
coal it was necessary to take the sample from a point at which 
the full seam had been most recently taken out. The roof coal 
was sampled over a height of 2 feet 10 inches and the floor coal 
over 5 feet 9 inches, the results of the analyses being as given 

below. The average valuo for the seam as a whole is given by 

averaging the results in the proportion of two of floor coal to 
one of roof coal, this being very closely the ratio between tho 
thickness of each part. 


Fluor coal. 

Roof coal. 

Average. 

Per cent. 

Per cent. 

Per cent. 

7-93 

7-22 

7-09 

31-20 

27-50 

29-99 

42-82 

40-72 

42*12 

1805 

24-5e 

20-20 

Reddish brown 

Buff 


5050 

5105 

5408 calories. 

> Non-coking 

Non-coking 
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The Bamori colliery is situated on the south 

D _...... , AX side of the Great Indian Peninsula Railway 

Damon Colliery. (9) .. . _ J 

line to the east of lklehra (Eklaira) station, near 

the village of Bamori. The colliery has been 

opened up somowhat recently and the workings are not very 

extensive. The working seam here was sampled over a height 

of 5 feet 2 inches, the analysis being as follows :— 


Moisture 
Volatile matter 
Fixed carbon 
Ash 

Colour of ash 
Calorific value 

Coking powers 


\ In the laboratory 

1. In the field 


8-34 per cent. 
3002 „ 

43*00 „ 

10-01 „ 

Light brown. 

5,097 ciloiie . 
N<»n-coking. 

Slight coking effect. 


The Bhajipani colliery lies just south of the Great Indian 
Peninsula Railway lino on the west side of Iklehia (Eklaira) station. 

Bhajlpanl Colliery. (8) the l>end of the l>uW,c Work, Department 
road from Parasia through Barkuhi. There 
are two main inclines here, the more easterly being the older 
and having opened up a considerable area of ground ; it was 
from this section that the sample was taken. The seam here has 
a 4-inch shale band near the roof and as this is suited out by hand 
it was not included in the sample. The sample was cut from 1 foot 

9 inches oi roof coal and 5 feet 1 inch of floor coal, a total of G feet 

10 inches, which was all put together as one sample, the analysis being 
as follows :— 


Moiuturc .... 

Volatile matter 
Fixed carbon 

Ash ..... 
Colour of ash 
Calorific value 

u-u. {££!2r‘: r> ' 


7-54 per cent. 
28-S2 
44-90 „ 

18-OS ,, 

Light brown. 
5,894 calories. 

j Non-coking. 


The Eklaira colliery is situated just east of the 
Eklaira Colliery. (11) village of this name and just south of the Great 
Indian Peninsula Railway lino. The colliery is 
developed from a main incline and a considerable area has been 
opened up. The seam here has a 3-inch shale band near the roof 
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and the seam is evidently the same as that worked at Bhajipani 
except for a slight thinning; this thinning becomes quite marked 
in the western workings of Eklaira. The sample was taken from 
1 foot 3 inches of roof coal and 4 feet 9 inches of floor coal, a 
total of 6 feet, which was put together as one sample, the analysis 
being as follows :— 


Moisture .... 
Volatile matter 
Fixed carbon 

Ash. 

Colour of ash 
Calorific value 

t (In the laboratory 

Coking powe. 8 | Inthefie]d * 


. . . 6*98 per cent. 

. 28-47 „ 

. 45*14 „ 

. 19*41 „ 

. Buff. 

. . . 5,668 calories. 

. . . Non-coking. 

. . . Slight coking effect. 


It appears evident that the Eklaira, Bhajipani, Bamori, Jatchha- 
par and Newton’s Chikhli collieries are all working the same seam. 
In all cases there is a well-marked shale band towards the top of 
the seam and a gradual thickening of the seam from west to east, as 
the following comparative table will show :— 


Table 1. 



Eklaira. 

Bhajipani. 

Bamori. 

Jatchhapar. j 

Newton ’b 
C hikhli. 


Ft. 

in. 

Ft. 

in. 

Ft. in. 

Ft. 

in. 

Ft. 

in. 

Coal 

1 

3 

1 

9 

not 

2 

6 

2 

10 

Shale 

0 

3 

0 

4 

exposed 

0 

6 

0 

8 

Coal 

4 

9 

5 

1 

5 2 

5 

6 

5 

9 


The distance from Eklaira to Newton’s Chikhli colliery is about 
2f miles. In addition the southerly extension of the seam is in 
each case cut off by faulting which brings the Motur Clays into 
juxtaposition with the coal measures. 

The Dongar Chikhli colliery is situated on the south side of the 
Great Indian Peninsula Railway line about three-quarters of a mile 
east of Chandameta village. The colliery is 
CWkhU C ° m " divided by a fault running north-east, the south¬ 
easterly section having been opened up by means 
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of an incline. The north-westerly section, known as the “ Pit side, ” 
was the first part opened up and this was done from a vertical 
shaft. The sample here was taken from the “ Pit side ” against the 
barrier which separates the colliery from the old Chandametta goaf. 
The seam was sampled over a height ot 5 feet 7 inches, the analysis 
being as follows :— 


Moisture .... 
Volatile matter 
Fixed carbon 

Ash. 

Colour of ash 
Calorific value 

, ( In the laboratory 

Coking powe re | Intbefit , ld _ 


. 9*60 per cent. 

. 28-94 „ 

. 44-28 „ 

. 17-18 „ 

. Buff. 

. 5,544 calories. 

’ \ Non-coking. 


The Chandametta colliery is situated at the village of that 
name on the south sde of the Great Indian Peninsula Railway 
line. This was one of the first pits opened 
Chandametta Colliery. Qn ^j 8 a]n( j one 8ec fion has been worked 

out and abandoned. A second section, developed 
from the Wallace Pit, had nearly reached the end of its productivity. 
A third section, Chandametta No. 2 incline, had been recently 
started on the south-west side of the Wallace Pit and this section 
was sampled. The sample was cut over a height of 6 feet, the full 
seam, and the analysis was as follows :— 


Moisture .... 
Volatile matter 
Fixed carbon 

Ash ..... 
Colour of ash 
Calorific value 

^ , . (In the laboratory 

Cokm gI K>we ra [ Inthefield 


. 7-48 per cent. 

. 31-24 „ 

. 44-24 „ 

. 17 04 „ 


. Brown. 

5,688 calorie*. 
* | Non-coking. 


The Barkui colliery is situated just east and north of the railway 
station of that name on the Bengal Nagpur Railway narrow-gauge 
Backul (Barkntal) Col* line from Chhindwara ; the latest work is just 
Beiy. (6 4 12) south west of this station. This is one of the 

oldest pits on the field and is at present the largest producer. 
The colliery has been opened up in three units. Barkui No. 1 at 
the time waB practically exhausted and was not sampled. Barkui 
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No. 2 has been almost completely developed and extraction of 
pillars commenced ; this section was sampled at a favourable site. 
Barkui No. 3 was just being started to roplaco No. 1 and very 
little work had been done beyond putting down an incline and 
connecting this with a well. This section was also sampled, but 
it must be remombered that the samplo takon was from very near 
the bottom of the incline. 

The full seam in Barkui No. 2 was sampled oven a height of 
5 feet 4 inches. There is what is known as the “ four-foot seam ” 
overlying tho main seam and when pillars are drawn some of the 
former seam is extracted; this does not onter into the sample, 
the analysis of which is given below. 

Tho seam in Barkui No 3 has a 4-inch shale band near the roof 
and as this is hand-sorted, it was not sampled. Tho samplo was cut 
from 1 foot 3 inches of roof coal and 4 feet 8 inches of floor coal, a 
total of 5 feet 11 inches, and tho whole analysed as one sample. 


Barkui No. 2. 


Barkui No. 3. 


Moisture ..... 
Volatile matter .... 
Fixed carbon .... 

Ash. 

Colour of ash .... 
Calorific value .... 

r In the laboratory 
Coking power. 5 TntheMd 


7-38 per cent. 
29*98 
44*52 
1812 
Brown 

5,049 calories 


1*C>8 per cent. 
21*98 „ 

51*62 „ 


24*72 „ 

Light reddish brown. 
6,224 caloneH. 


Non-coking 
Slight coking effect 


i 


Non-eoking. 


The East Barkui colliery is situated just south of the Bengal 
Nagpur Railway narrow-gauge line from Chliindwara, about a mile 
south-east of Barkuhi station, the stream here 
East Barkui Colliery. flowing Along the north side of tho main 

workings. The writer understands that tho name 
of this colliery has been changed since his visit to Bhopal Colliery. 

The main dip here had just struck trap, probably on a fault 
line, and a boring was being put down some 40 feet ahead to prove 
the extension of the coal; this is quite near the trap hills south of 
the colliery and it remains to be seen whether the coal runs under 
the trap or not. 

The section of the seam here is 2 feet 6 inches of top coal and 6 
feet 6 inches of bottom coal with a 6-inch shale band between; for 
the most part only the floor coal is taken out and this alone was 
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sampled, over a height of 5 feet 
follows :— 

Moisture ..... 

Volatile matter .... 

Fixed carbon .... 

Ash ...... 

Colour of ash .... 

Calorific value .... 

. C In the laboratory 

(fcbng powers Inthefiel(J . 


7 inches, the analysis being as 

. . . 1*70 per cent. 

. 15*83 

. 55*94 
. 26*53 

. . . Reddish brown. 

. . . 5,980 calories. 

Non-coking. 


There is only a comparatively narrow strip of coal hero between 
the watercourse, in which the scam practically outcrops, and the 
trap in the fault, so this may not be very representative material. 

The Ghogri Bast colliery is situated on each side of the stream 
flowing westwards from the forest boundary about a mile west of 
Ghogri village, the property being in the Dhow 
Qhogrl^East Colliery. Reserved Forest Block No. X, and extending 

about half-a-mile down the stream. Work has 
been done here from a large number of inclines, each opening up 
small areas, most of which are now flooded. There are two 
sections, but Soction A to the west end is shut down. On section B 
to the east end, some work was being done on the north bank of the 
stream on a strip of coal between this stream and the boundary 
of the adjoining property, which was not being worked at the time. 
The work here was sampled but the sample was unavoidably taken 
from very near to the outcrop. The full seam was sampled over a 
height of 5 feet 9 inches, the analysis being as follows :— 


Moisture .... 
Volatile matter . 

Fixed carbou 

Ash. 

Colour of ash 
Calorific value 

, , . f In the laboratory 

Cobng power* ! Inthefiold 


6*10 per cent. 

. 28*22 

. 41*84 „ 

. 23*84 

. . . Reddish brown. 

. . . 5,372 calories. 

. . . Non-coking. 

. . . Yielding poor soft coke. 


The Dhow Reserved Forest Block No. X colliery appears to be 
known only by the name of the reserved forest block in which it is 
situated. The workings are located on the 
(?5) Ck nor kh &ud south sides of a spur about a mile 
duo south of Ambara village at about the 2,750 
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contour. The northern section waS the one in which most work was 
being done and a sample was taken there. The workings are not 
extensive and are traversed by a minor fault. The full seam was 
sampled over a height of- 5 feet 5 inches, tho analysis being as 
follows :— 


Moisture 

Volatile matter . 
Fixed carbon 
Aah . 

Colour of ash 
Calorific value 


Coking power 


In the laboratory 
In the field . 


4*90 per cent. 

30-70 

42-68 

21-72 „ 

Reddish brown. 

5,638 oalorios. 
Non-coking. 

Yielding poor soffccoke. 


The Junnor colliery is situated on the boundary line of the Goradevi 
Reserved Forest about half-a-mile due west of the village of Jinnaur. 

The seam in this colliery is dipping at a much 
Junnor Deo Colliery. steeper angle than in most of the pits on this 
field and the seam thickens towards the dip, 
which is about due north. The dip faces are now working 14 feet of 
coal, all of which is taken out. In most of the workings about 10 
feet have been taken out, with a distinct thinning towards the out¬ 
crop. This is a pit in which it was very difficult to get a satisfactory 
site for sampling. Owing to the thickness of the seam, six feet ci 
the roof coal are taken out in first mining and the floor coal is dressed 
out in the rear, so that none of the dip workings give a full section of 
the seam, and owing to the changing thickness it was not considered 
advisable to attempt to take a composite sample. It is in this 
colliery that the cleavage, already mentioned, is so marked and this 
fact ruled out many of the pillar faces. The best compromise 
possible in the circumstances was made and a sample taken over 
a height of 8 feet 7 inches, from roof shale to floor shale, the analysis 
being as follows :— 


Moisture .... 
Volatile matter , 

Fixed oarbon 

Ash ..... 
Colour of ash 
Calorific value 

^ ,. (In the laboratory 

Co^Po^lmrtefleM 


3-76 percent. 
29-80 
39-96 
26-48 
Brown. 

5,226 caloriep. 

1 Non-coking. 
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The Badhi colliery is situated on the west bank of the stream to 
the east of Takia Nala between the villages of Datla and Dongaria. 

Badhi colliery (Id) ^is c °l^ er y » evidently working the same 
seam as the north-westerly workings of Datla 
Colliery on the opposite bank of the stream, the Datla Chai Colliery 
which adjoins Badhi on the west and is divided off by a trap dyke, 
and Dongaria just across the Takia Nala from Datla Chai. On this 
account and as time did not permit of samples being taken from all 
four, a sample was taken from Badhi, which may be taken as represen¬ 
tative of all four. 

The seam here is thicker than in the eastern part of the field 
and the dip is somewhat steeper. A sample was taken over a 
height of 9 feet 8 inches, representing the full section of the seam_ 
This was a case where it was difficult to decide what was actually 
the floor and the roof. The analysis of the sample was as follows 
Moisture ........ 4*56 per cent. 


Volatile matter 
Fixed carbon 
Ash . 

Colour of ash 
Calorific value 


t C In the laboratory 

Coking powers ( In the field 


29*84 

42*46 

23*14 

Yellowish brown. 
5,602 calories. 

| Non-coking. 


The Kolia colliery is situated about half a mile west of Kolia 
village on the north bank of the stream flowing through the 
_ tli , „ village. There are two inclines here which 
at the time were practically under water, lhe 
more easterly one was being unwatered and the seam was 

exposed, just above the water level, in the face of the incline 
It was, therefore, impossible to obtain a sample here, but with a 
view to seeing whether this was an easterly extension of the coking 
coal, which had previously been found to exist to the west of Kolia, 
a basketful of coal was cut from the exposed corner of the seam 
and treated in the usual way with the following result: — 
Moisture ........ 4*34 per oent. 


Volatile matter 
Fixed oarbon 
A s h 

Colour of ash 

Calorific value 

~ , f In the laboratory 

Coking ' 


. 27*16 

. 49*16 

. 19*34 

. Light brown. 

. 6,194 calories. 

■ I Fairly hard ooke. 

• * 
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It must be remembered that this is a specimen and not a sample, 
and furthermore that it is outcrop coal, so that it appears probable 
that a true sample from the dip side would yield results closely 
comparable with those from the collieries to the west, indicating that 
this is a continuation of the same seam. 

The Puraina Kotbideo colliery lies to the north-east of 
Ghorawari Colliery about a mile due south of 
licry! (2) othWeoCo1 ’ the village of Kothideo. There are two 
interconnected inclines here, Nos. 1 and 2, with 
some limited underground workings which run about 200 feet to the 
dip, which is northward, and are then cut off by a fault that throws 
the strata up, and the seam outcrops on the hillside behind the 
colliery. Thus there is no really satisfactory site for sampling, and 
a position roughly midway between the fault and the outcrop was 
chosen as representative of the coal here. This colliery appears to 
yield an unusually high percentage of slack which possibly may be 
due to the disturbance of the faulting. No full section of the seam 
was exposed and the working seam was sampled over a height of 
5 feet 8 inches ; this was from the floor upwards and there is said to 
be 8 feet of roof coal above this. The analysis of this sample was 
as follows :— 


Moisture . 

Volatile matter . 

Fixed carbon 

Ash ..... 
Colour of ash 
Calorific value 

^ . (In the laboratory 

Coking power. [ £nthefield 


1*94 per cent. 

27-58 

51-32 

19-16 

Brown. 

6,371 calories. 

! Yields a hard coke. 


The general character of the coko is similar to that of Ghorawari 
and Kanhan, though perhaps not quite so hard. 

The Ghorawari colliery is situated approxi- 
Ghorawari Colliery. mately one mile south-east of the village of 

(3) Ghorawari Khurd, on the west side of the 

main stream running between this village and 
Puraina. At this colliery there have been eleven inclines put down at 
intervals along the strike but none of them have extensive workings 
connected below. Inclines 1 and 2 connect to an isolated set of 
workings but a connection was being driven to No. 3. Nos% 3 to 7 
inclines are all interconnected, Nos. 4 and 7 having been driven 
from two original quarries, now abandoned. Inclines 8, 9 and 10 
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form a third independent block of workings. The workings stretch 
for some 2,500 feet along the strike and for some 250 feet to the dip, 
so that it is impossible to get a sample of coal from a point at any 
great distance from the outcrop. 

In this case the sample was cut from workings connected with 
No. 3 incline and over a height of 7 feet 10 inches. The manager 
states that this is the centre section of the seam, with some 6 feet of 
coal both in the roof and floor, but no full section of the seam is 
exposed. He further states that a 10 foot seam and an 8 foot seam 
occur below, with 10 foot and 15 foot sandstone partings between. 
The sainplo of the present working seam gave the following analysis:— 


Moisture 

Volatile matter . 
Fixed carbon 
Ash . 

Colour of a»h 
Calorific value 


Coking powers 


In the laboratory 
In the field 


. 2-40 per cent. 

. 28-66 
. 50-14 

. 18-80 

• Brown. 

. 6,348 calori 

* ) Yields a hard coke. 


A sample of the coke prepared in the laboratory was analysed 
with tlio following result :— 

Moisture ........ 0-12 per cent. 

Volatile matter ....... 0-84 „ 

Fixed carbon ....... 71-40 „ 

Ash.27-64 

Colour of ash ....... Brown. 

This coal yields (juito a satisfactory coke both in the field and in 
the laboratory. The field coke was of a bright silvery colour, except 
in the centre, where it was rather dark in colour due to insufficient, 
heating. The coke is hard and somewhat dense. The coal here 
appoars to be particularly liable to spontaneous combustion, and as 
this may be due, in part at least, to the presence of pyrites in the 
coal, a specimen of the coke was tested for sulphur and found to 
contain 0-71 per cent. 

The Kanhan colliery is situated right on tRe 
east bank of the Kanhan fiver, a few hundred 
yards north-west of the village of Damia. 

Work at the time was not in an advanced state. Some prelimi¬ 
nary work had been done by quarrying but this had been abandoned 
and two inclines started on the east bank. The eastern incline had 
just cut the seam, whilst the western one has been carried forward 

B 2 


Kanhan Colliery. (1) 
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some 80 feet to 40 feet, with two strike galleries. The western of 
these galleries met a fault after progressing about 5 feet and was 
stopped; the eastern gallery has been driven for about 10 feet. 

The sample was cut from the east side of the incline and as near 
the face as accumulated water allowed. It will be seen therefore 
that this sample represents coal cut from the vicinity of a fault 
and at no great distance from the outcrop. The incline shows 
about 4 feet of soft earthy coal overlying the seam, of which the 
floor is not exposed. The sample therefore represents the seam as 
at present extracted and was taken over a height of 5 feet 8 inches, 
the analysis being as follows :— 


Moisture .... 
Volatile matter . 

Fixed carbon 

Ash. 

Colour of ash 
Calorific value 

C In the laboratory 
Coking powers £ ^ the fie , d 


. 2 *44 per cent. 

. 30-70 „ 

. 49-58 
. 17-24 

. Light brown. 

. 6,515 oalories. 

’ \ Yields a hard ooke. 


The coke from this sample is similar to that from the Ghorawari 
coal (q.v.) ; a piece was analysed with the following result :— 


Moisture 
Volatile matter 
Fixed carbon 
Ash . 

Colour of ash 


0*24 per oent. 
0-48 „ 

73-56 
25-72 

Dark brown. 


Coking Coal. 

In view of the importance of coking coals in this country the 
possible extension of the above described coking coals is of consider¬ 
able importance and the following information may be of interest. 

The samples taken show that coking coal occurs on the east 
bank of the Kanhan River and at intervals to Kholiya to the east. 
The next sample east of this is from Badhi, which can be taken to 
represent Dongaria as well and which is on the whole non-coking 
coal. 

The Panara property lieB about one mile north-east of Kolia 
oolliery and at the time all work had been stopped here. A specimen 

r«mrs fi r lMt °f coa ^ to ma ^ e the field coking 

tests, was taken from an old stock-heap. No 
ooke was obtained, whioh points to the fact that the seam worked here 
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is not the Bame as that at Kolia, Ghorawari, etc., though the test was 

admittedly not made on very satisfactory material. In addition 

to this, the roof of the seam at Panara is a massive sandstone which 

forms a waterfall in the stream near by, whereas the strata overlying 

the seam at the other collieries are soft and friable with mush coal just 

above the seam. This is all the information available as to the 

possiblo eastward extension of the coking coal. Turning now to the 

westward extension the only evidence is furnished by the Kalichapar 

„ i# ^ „ Bit Colliciy. This colliery is situated on the south- 

Kallcbapflr Colliery. J , , ,, J t ,, . ,, 

eastern border of the village of this name, there 

being two villages with the same name of which this is the eastern 

one. 

Work here was only in the prospecting stage, consisting of a 
vertical shaft 25 feet deep, which at the time was under water and 
being unwatered. This shaft is said to have cut 9 feet of coal, the 
bottom being still in coal. The man in charge stated that the 
dip was to the south, which is the opposite to the normal dip in this 
area, but the writer was told later that the shaft had been sunk on a 
fault and this unusual dip may be due to local disturbance. It 
was impossible to get a sample, but some coal was taken from a 
stock-heap and subjected to the field coking test, but did not yield 
a coke. This of course does not prove that coking coal does not 
exist west of the Kanhan River, but at present its presence can only 
be taken as not proven. 

The data on which to base any estimate of the total quantity of 
coking coal in this area are extremely meagre and the writer makes 
„ . . „ B . the following estimate with all acknowledg- 

Coal Reserves. ment of the slender evidence upon which it 

is based. 

The known evidence at present points to the existence of coking 
coal only between the Kanhan River and a point somewhat east 
of Kolia, though further investigation may prove a wider extension. 
At present it cannot be taken as proved that coking coal is continuous 
over this whole distance, since work between the Ghorawari colliery 
and Kanhan colliery appears to indicate an area of disturbed ground. 
Work was being done at the Hillside Colliery, about a mile east of 
Kanhan colliery, but at the time had not proved anything and no 
sample could be taken. As a conservative estimate it is proposed 
to take a strike extension of four miles for the coking coal, of 
which the eastern half yields a coke of somewhat lower quality, as 
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regards hardness, than the western half. The evidence as to exten¬ 
sion towards the dip is even less satisfactory. Work at Ghorawari 
has been carried 250 feet towards the dip, at Kanhan only some 
40 feet and in neither case has any prospecting been done, by 
boring, to prove the extension, as far as could be ascertained. At 
Puraina Kothideo the workings are cut off by a fault at 200 feet 
and the seam thrown upwards. This is characteristic of the area, 
which is traversed by a number of east and west faults continually 
throwing the strata up on the north side ; this however appears to 
be accompanied by a faliing-off in the quality of the coal. For the 
purpose of the estimate the writer proposes to take a possible exten¬ 
sion to the dip of 750 feet, all of which would be at a reasonable 
working depth. As regards the thickness of the seam the information 
is rather better, but here again it is largely a matter of report, 
which it was impossible to vorify. Thus at Kanhan about G feet 
of coal are exposed and an unknown depth remains in the floor. 
At Ghorawari the thickness of the seam is given as 20 feet; at 
Puraina Kalsa it is the same and at Puraina Kothideo it is 13 feet. 
The writer proposes to take a figure of 10 feet as an estimated 
thickness on which to base the calculation. Using these figures 
each of the two mile sections mentioned previously contain about 
3,150,000 tons giving a total, of G,300,000 tons of coking coal. 

The Dongaria colliery is situated between the 
village of that name and the Takia Nala to 
the east, this village being about two miles 
west of Jamai. Time did not allow of this 
colliery being sampled but there is little doubt that the pit is on 
the same seam as at Badhi, which may be taken as representative. 
After leaving the neighbourhood of this colliery the writer was 
a c »ked to make coking tests on Dongaria coal, and for this purpose 
a cart-load of the coal was delivered at the camp, some twelve miles 
distant from the colliery. This coal not being a sample, a test 
on it would have been of little value as to the coking properties of 
the seam as a whole, but from the Badhi sample it may be taken that 
the seam is non-coking coal. 

A selection was made from the coaJ, by inspection, and this material 
' cis crushed and tested in the usual way. A coke was obtained 
.vhioh was quite hard, of a fairly bright silvery colour and about 
asden3e as the Ghorawari coke. Time did not permit of, nor was the 
material suitable for, a series of testR to be made to determine th# 


Dongaria Colliery. 
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proportion of the coal that will coke, but the simple experiment 
carried out serves to show that coking coal can be selected by 
inspection from this seam and probably from all other collieries in 
the field. A piece of the coke obtained was analysed and the 


analysis of the Badhi coal 

is repeated with this coke 

analysis for 

ease of comparison. 

Coke from Dongaria 

Badhi sample 


selected coal. 

coal. 


Per cent. 

Per cent. 

Moisture 

2-18 

4-56 

Volatile matter . 

302 

29-84 

Fixed carbon 

70-62 

42-46 

Ash .... 

2418 

23-14 

Colour of ash 

. . . Brown. 

Yellowish brown 


For purposes of comparison the tabulated statement of the 
analyses (pages 188-9) also shows the proximate analyses reduced 
to a moisture-free basis. It must however be remembered that 
all samples wore dealt with under almost similar conditions and 
after reduction were kept under identical conditions, so that it appears 
that the moisture contont of the air-dried samples is a characteristic 
of the coals, and it will be observed that coals falling in groups accord¬ 
ing to calorific value also have closely corresponding moisture con¬ 
tents and fall fairly well into geographical groups. The moisture 
in tlio coals from the western end of the field is consistently low by 
comparison with the main central section. 

Samples one to four fall into one group on the basis of their 
analyses and these form a geographical unit at the western end 
of the field. Sample five represents a seam not worked elsewhere. 
Samples eight to fourteen form another group both as regards 
analyses and geographical position. Samples six and seven appear 
to fall in this group as regards position but the analyses show a 
marked difference in ash content; this may be iue to the location 
of the sample, which, as explained under the descriptions, w r as not 
very satisfactory in either case. Samples fifteen to nineteen re¬ 
present scattered localities which the writer makes no attempt to 
correlate. 

The localities from which the samples were taken are marked 
on the accompanying map (Plate 9 ) with the number of the 
sample in a circle The sample lotters in the table refer to the 
identification letter given in the laboratory records of the Geological 
Survey of Indi* 
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In conclusion the writer has to express his appreciation of the 
great assistance given to him bv all colliery owners, or their represent¬ 
atives and managers, in the taking of the samples, and that of Mahi deo 
Ram, Laboratory Assistant, Geological Survey of India in the 
making of the various tests and analyses. 
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On the Composition of Some Indian Garnets. By 
L. Leigh Fermor, D.Sc., O.B.E., A R S.M., FG.S., 
Superintendent , Geological Survey of India. (With Plate 
io.) 


L Introduction. 

In 1912 it was arranged that an investigation into the chemical 
composition of Indian garnets should be undertaken by Mr. S. N. 
Godbole, M.Sc., who has since become Ass'stant Professor of Che¬ 
mistry in the Victoria College of Science, Nagpur. I accordingly 
selected for him from our collection 9 specimens of Indian garnet, 
illustrating various modes of occurrence of this group of minerals 
in India. The original intention was that, on completion of the 
analysis of this first batch of material, a further series of specimens 
should be sent illustrating other modes of occurrence : pressure of 
work has, however, prevented Mr. Godbole from continuing his analyses. 

In each analysis the constituents usual in garnet >\ere deter¬ 
mined, but some of the analyses totalled to a little over 9f> and 
97 per cent. only. It was then suggested that perhaps alkalies were 
present; but after a careful search Mr. Godbole failed to detect 
their presence, as also the presence of titania. As Mr. Godbole’s 
duties preclude any further work on this material, these analyses 
have to be utilised as they stand, and. although four of them total 
to too small a figure, indicating either that there is some other con¬ 
stituent present, or that some constituent has been underestimated, 
yet Mr. Beckett, Principal of the College, who supervised the vork, 
accepts the responsibility for its being careful and conscientious 
work, the results of which can be safely utilised. Mr. Godbole has 
kindly consented to my discussing his analyses from the geological 
and mineralogical point of view. 


II. Description of Material used. 

The specimens sent for analysis were examined by me before 
despatch and their descriptions recorded. Thin sections have been 
cut from duplicate material and examined under the microscope. 
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These descriptions with the data elicited under the microscope 
follow:— 

J . 871. Orange-red or mahogany-red garnet from the garnet 
mines, Sarwar, Kishengarh State, Rajputana. 

Under the microscope this garnet is practically colourless, and shows numerous 
inolusions of three sorts. The most abundant are minute needles arranged in several 
parallel sets, oriented presumably with some reference to the crystallographic 
habit of the mineral ; but as the specimen sectioned showed no crystal faces this 
relationship is not obvious. The refractive index of these needles is greater than 
that of garnet; the polarisation tints range up to blue of the first order, the ex¬ 
tinction is oblique, ranging from 15° up to 39° with reference to the long axis of the 
needles, the ray nearest the vertical axis being sometimes that of lesser and some¬ 
times that of greater elasticity. The colour of these needles is very pale yellowish. 
The second kind of inclusion is in broader needles, polarising in first order grey. 
There are also a few grains of a mineral of lower refractive index than the garnet 
and very low birefringenoe and probably apatite. The above list of inolusions 
sounds formidable, but the total amount is exceedingly small. 

1. 16. Three cut garnets from Jaipur, Rajputana. Light 
crimson colour. 

A small cut gem was sacrificed for microscopical examination. As the slice is 
rhther thiok, the garnet is of very pale pink tint and looks almost perfectly pure. 
There are no oracks or signs of alteration : but there are an exceedingly few very 
minute doubly refracting grains. 

F. 367. “ Spessartite ”, dodecahedron from mica-schist, Kulu. 
Attached mica scratched off. 

One rhombohedral dodecahedron was sacrificed for the preparation of a thin 
slice. In this the garnet is very pale pink and shows a small quantity of included 
blaok and brown oxides whioh would be impossible to eliminate. In addition 
there are a few very minute pleochroic grains of negative elongation and absorp¬ 
tion at right angles to length. They may be brown tourmaline with the following 
pleoohroism. O nearly colorless, E brownish ; 0>E, 

13/546. From a pegmatite dyke, Biradavole, Nellore district, 
Madras. General colour mahogany : orange-red to fiery red on thin 
edges. The garnet was trapezohedral modified by the rhomb- 
dodecahedron. 

In thin section under the microsoope this garnet is pale pink with perhaps an 
orange tinge. Under the low power the garnet appears pure exoept for a very few 
tiny inclusions of quartz (with odorless mica in one case). But under the high 
powers the garnet is seen to contain numerous minute needles arranged in thin 
parallel sets mainly at angles of 60°, These needle* are usually so thin as to appear 
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opaque, but where slightly thicker they are seen to be of positive elongation and 
straight extinction—properties possessed by both sillimanite and rutile. As rutile 
is ooloured and of higher refractive index than garnet, whilst sillimanite is colour- 
less and of lower refraotive index than garnet, it ought to be possible to refer these 
needles to one or other of these two, but I find it difficult to deoide these points on 
such thin needles. 

17/63. Trapezohedral spessartite from pegmatite cutting Gon- 
dite Series, Bichua, Chhindwara district. 

Under the microscope this garnet is very pale yellowish, with perhaps an orange 
tinge. It contains a very little quartz and a colorless substance, mainly occupy¬ 
ing minute cracks, which is possibly a micaceous mineral. There is also a little 
secondary iron-ore. 

18/582. Garnet-rock from Nautan-Barampur, Ganjam district, 
Madras. Considerably blackened in patches: in others ol light buff 
or crimson colour. Some pale blue apatite grains. Thought to be 
mangan-grandite. From Kodurite Series. 

Under the miorosoope this is seen to be a granular rock composed mainly of 
practically colourless garnet (? a yellowish tinge), with a moderate amount of scatter¬ 
ed quartz. There is much secondary iron oxide along the boundaries of the garnet 
grains with some black oxide as well, presumed to be an oxide of manganese. 

18/912. Piece of a large trapezohedral crystal .from Satak, 
Nagpur district, C. P. Dark yellow-brown to yellowish liver-coloured, 
probably partly altered: orange when fractured. From Gondite 
Series. 

Under the miorosoope this garnet is light sulphur-yellow with numerous scat¬ 
tered tiny inoluded grains of red hematite and of some bl&ok oxide, presumably 
manganese oxide. The distribution of these inclusions causes the crystal to be 
zoned parallel to the crystal faces. Some shells are nearly free from inclusions. 
These inclusions oould not however be excluded from the material taken for ana¬ 
lysis. In addition there is a large patch of miorodine and one of black ore, both 
easily rejected. 

18/482 (233). Spandite-rock from Kodur, Vizagapatam district, 
Madras. Chooolate-brown, due to secondary oxidation along boundaries. 
Fiery red where transparent. From the Kodurite Series. 

Under the miorosoope this is seen to be a mono-mineralio granular aggregate 
of orange-yellow garnet, with black oxide along the boundaries of the grains, form¬ 
ing a black network and to a certain extent along cracks extending into the interior. 
In the medial zone of the black bands of the network there is often a thin streak 
of a light greyish substance. The interiors of the grains are perfectly fresh, but 
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traversed by a network of minute oraoks. The material pioked from this oould not 
have been completely pure. 

M. 1538. “ Oalderito ” from Hazaribagh district, Chota Nagpur. 
Massive, brownish black to orange-brown (resin-coloured) where 
thin. From tho motamorphic crystalhne complex of Hazaribagh. 

Under the microscope this rook is composed almost entirely of light brownish 
garnet, evidently in large crystal units, but much oraoked. It is very fresh, how¬ 
ever, exoept for very thin brownish fibres along some of the oraoks: it contains 
a few light green pyroxene grains of quite large size. 

In forwarding this material to Nagpur directions were given 
concerning the picking of the material to be actually used for 
analysis. 


111. Methods and Results of Analysis. 

In each case tho material was, if necessary, picked, and in tlio 
case of 18/182 the garnet was treated with cold dilute hydrochloric 
acid to remove coatings and films of black oxide of manganese. 

The specific gravity was in each case determined on the material 
used for analysis, the mot hod of direct weighing in air and water 
being used for the larger material, and the specific gravity bottle 
for the smaller-sized material such as 18/482. 

Tho analytical procedure followed by Mr. Godbole was as 
follows :— 

After estimating the silica, iron and aluminium were separated 
from manganese, calcium, and magnesium by the usual methods. 
The manganese was then estimated as sulphide, the calcium pre¬ 
cipitated as oxalate and the magnesium as phosphate. Iron and 
aluminium were estimated together as oxides, and the iron estimated 
volumotrically, so that the amount of aluminium was determined 
by difference. 

Ferrous iron was separately estimated. Equal quantities of 
the mineral and calcium fluoride were treated with hydrochloric 
acid on a water bath in an atmosphere of inert gas (i.e. out of 
contact with air). After tho reaction ferrous iron was estimated 
volumotrically. 

Owing to the deficit in the totals of some of the analyses, attempts 
were made to estimate alkalies if present. But the results showed 
absence of alkalies. 
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The results of analysis are collected in the following table:— 


Table No. I .—Results of analysis of 9 specimens of garnet. 


Specimen No. 

Sp.Ur. 

aio, 

Al.O, 

Fe*0* 

FeO 

MnO 

MgO 

CaO 

Tot^l. 

. .,1... 

J-871 

304* 

30*01 

22-25 

7*87 

17-60 

0*95 

10*64 

2*42 

100*70 

MO . 

4-24 

89*47 

22-31 

2-84 

29-97 

0*31 

3-32 

1-85 

100-07 

F-3b7 

4-OOf 

37-66 

29*22 

.. 

21*69 

4-63 

2*76 

3*67 


13 5 Mi 

415 

84*81 

22*87 

14-77 

9*38 

11-67 

.. 

2*90 

96-20 

17/03 

3-95: 

36*02 

19*79 

5-93 

5*98 

26*06 

1-35 

506 

100-19 

13/682 

3*54! 

38-61 

17-91 

8*75 

3*02 

26*51 

2*18 

1 95 

98-93 

18/012 

418 

34-73 

22-40 

4-51 

1-63 

35*30 


0*97 

99-60 

lb 182(233). 

3-72 

32-76 

7-92 

18*54 

1-23 

11*77 

0*69 

24*43 

97-34 

31 lu.m 

3*73 

37-43 

8*39 

19*86 

3-85 

2*89 

0*81 

24-40 

97*63 


* Thl» rertiilt is obviously too low and Is not usod further A duplicate piece ot J-371 of mahogany 
biown coloui gave (i^»3*0*4 in the Oeologk-al Snivey ot India laoor.itoi y, and another of purplish 
rone colour gave (1—3 03. The former figure is usod in later tables. 


t Other crystals of this number gave in the Geological Survey of India laboratory luuultb ranging 
from 411 to 410 (M in ,0>1 h.irv Ind , XXXVII, p. 175). 

t Auotlier crystal was found by me to have a sped tic gravity of 4*02 ( L.c .). 
f Obviously too low : not used further. 


IV. Interpretation of the Results. 

In Table No. 2 these 9 analyses have been rearranged in terms 
of their constituent garnet molecules, amongst which it has, in 
one of the analyses, been necessary to assume the existence oi the 
molecule 3Fe().Fe 2 () 3 .3^i02. It will be seen that the total peicent- 
age of garnet molecules ranges from as high as 98-48 per cent to as 
low as 79-97 per cent. 

The excess over the garnet molecules has been shown as silli- 
manite, quartz, surplus alumina and ferric oxide and. in one ana¬ 
lysis, as lime, whilst in most cases there is a surplus of oxygen, 
due probably, at least in part, to the difficulty oi estimating ex¬ 
actly the amounts of FeO and Fe 2 O it in an insoluble silicate, but 
possibly in some cases to slight oxidatron of the garnet. To ascer¬ 
tain if any of these impurities were microscopically visible, I had 
thin sections cut of each of these garnets (not, of courso, of the pieces 
actually analysed), and the results of the examination of these have 
been given in pages 192 to 194. 
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A comparison of the impurities shown in table No. 2 with thoee 
noticed under the microscope is of interest. Sillimanite is shown 
in three analyses. 1*16 is, however, too pure to contain nearly 
8 per cent, of impurities, unless in solid solution, which seems im¬ 
probable. P.367 contains no vis'ble sill'manite and only a very small 
quantity of other inclusions. The specimen analysed must have been 
much less pure than that examined by me. 13/646, which should 
contain over 7 per cent, of sillimanite, does in fact show, under the mic¬ 
roscope, numerous minute needles that may be either sillimanite 
or rutile, and also a little quartz. But the amount of inclusions 
cannot be nearly as high as 7 per cent. 1 Quartz in appreciable quanti¬ 
ty should be shown by 18/582 and M.1538. Such proved to be the 
case. Surplus ferric oxide should be, according to the analyses, 
shown by four of the garnets. Of these J.371 does not show ferric 
oxide, but shows other inclusions. 

1 That sillimanite does actually occur inside garnet I proved to my satisfaction by 
examining the garnets in two thin slices of khondalite, one being Dr. T. L. Walked 
original khondalite from Kalahandi (4239-15/181) of which the garnet is represented in 
the table on p. 200 and the other a slice of this rock (5339) from Nantan-Barampur in 
Ganjam, collected by myself. 
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17/63 does show a little secondary iron-ore: 18/912 shows nu¬ 
merous scales of red hematite and grains of a black ore (? manga¬ 
nese-ore) in certain shells: whilst 18/482 shows much black oxide 
in thd unpicked mineral. There are no visible impurities nor inclu¬ 
sions corresponding to the surplus alumina in 18/912 or the surplus 
lime in 18/482. 

These discrepancies are possibly in part due to material being 
held in solid solution in garnet, and, in three analyses, probably to 
the fact that there is a deficit in the analysis. 

The tendency of garnet to enclose other minerals is exempli¬ 
fied by the descriptions on pages 192-3, and is well-known 1 ; never¬ 
theless, in order to ascertain whether Mr. Godbole’s results depart¬ 
ed from the theoretical composition of garnet to a greater extent 
than usual, I selected from Dana’s “ System of Mineralogy ” one 
analysis of each of .the five chief species of garnet (omitting uvaro- 
vite), and recalculated them also into terms of garnet molecules. 
The analyses selected were as follows (omitting water, alkalies, etc.'* : — 


Table No. 3. 


— 

G. 

i 

810, 

AJ,0, 

Fe,0, 

FeO. 

MnO. 

MgO 

CaO 

Total. 

Gross ularlte, 

No 9, Vesu¬ 
vius. 

3-572 

39-83 

20-10 

1*03 

1*21 

0-46 

0-97 

35-42 

99-08 

Pvrope, No. 6, 
ElleNess. 

4-124 

40-92 

22-45 

5-46 

8-11 

0-46 

17-85 

5-04 

100-29 

Almandlte, 

No. 4, Ziller- 
thal. 

4-04 

39-12 

21-08 

6-00 

27-28 

0-80 


5-76 

100-04 

Spessartitc, 

No. 14, Glen 
Skiag. 

4*125 

35-99 

16-22 

8-64 

23-27 

15-24 

0-47 

0*40 

100-23 

Andradite, 

No 10, East 
Rick. 

°*740 

85 09 

■ 

2915 

2-49 

0-30 

0-24 

■ 

, 

82-80 

100-13 


On recalculation into garnet molecules these analyses can be 
rearranged as follows :— 


1 Sir T. H. Holland's paper "On the Aoioular inclusion* In India D'CarnaU,” Rse. t (hoi. Hurt. 
/*£, XXIX, pp. 16*10, (1806), Is o l Interest la thh connection. 
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In two of the garnets the molecule 3FeO.Fe a O # 3Si0 2 . again 
appears, as well as the molecule 3MnO. Fe 2 0 3 .3Si0 2 in one case. 
The departures of these analyses from the theoretical composition 
of garnet are comparable with those of Mr. Godbole’s analyses, and 
apparently such departures must be regarded as normal for garnet. 


V. Other Analyses of Indian Garnets. 

Besides the 9 analyses of garnets by Mr. Godbole the only other 
analyses of Indian garnets of which I am aware are two of 
calderite ” by Piddington and Tween, 1 and the analyses of Indian 
manganese-garnets by Messrs. T. R. Blyth, J. Coggin Brown, and 
the Imperial Institute, given in my memoir on the manganese ore 
deposits of India. 2 * In addition the composition of the garnet in 
khondalite can be calculated from the analysis of this rock by Dr. 
T. L. Walker, assuming the iron to be in the ferrous condition.® 
These 8 analyses are as follows v— 


Table No. 5. y 


— 

i 0. 

1 

810,. 

AI.O,. 

Fe t O, 

FeO. 

MnO 

MgO. 

CaO. 

BaO. 

Total. 

IMfy- 4W8WH>har- 
^aon. 


34-71 

8-05 

8-38 

n.d. 

38-83 

5-40 

4-97 

tr. 

100-34 

UUOai'-Wagev* 

4-24 

37-73 

21-28 

.. 

9-94 

24-48 

3-48 

3*11 

.. 

100-00 4 

A.219 (18/378)—Gar- 

bham. 

4-02 

35-24 

0-48 

23-90 

n.<l. 

16-37 

2-04 

15-29 

0-18 

99-41 

A.233 (18/392)—Kota- 
karra. 

•• 

87-57 

18-98 

3-47 

7-46 

16-50 

0-23 

15*80 


100-00 4 

A. 131 (18/657)—Bd- 
ra.\L 

3-78 

36-18 

14-22 

11*41 

2-16 

2-68 

0-65 

30-70 


lpooo 4 

Has iribagh 

3 785 

3744 

627 

1938 

524 

tr. 

1-40 

30-93 

•• 

100-66 

Katkamsandi, Hasa- 
ribagh. 

3-85 

48-35 

0-35 

30-18 

•• 

21*00 

•• 

1*00 


100-00 4 

J 6/1M -Kalabandl . 

•• 

37-74 

21-24 


34-06 

•• 

4-01 

2*95 


100-00 4 


On calculation into terms of garnet molecules these analyses 
can be rearranged as follows:— 


1 See * A Manual of the Geology of India,* Pt. IV, ’ Mineralogy by F. E. Mallet, pp. 89-90, (1887); 
and ray discussion of cakiertte in Mem., G ot. surv. /«*. XXXVII, pp. 182-188. 

» ifiM., O ol. tiurv. 2nd,, XXXVIL pp. 167488, (1909). 

• AUm. 9 Qfol. burv. 2nd., XXXIII, Part ID, p. 9, (1902). 

4 Calculated from rook amUyrti. 
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In two cases again the molecule 3FeO. Fe 2 0 3 .3Si0 a , appears and 
in three cases the molecule 3Mn0.Fe 2 0 3 .3Si0 2 , and in one case 
the molecule 3Mn0.Mn 2 0 3 .3Si0 2 . # 

VI. Molecular Composition of Indian Garnets, 

These eight additional analyses have been assembled in one 
table (No. 7) with Mr. Godbole’s results, the order adopted being 
that of composition. Although this table contains 17 analyses it 
is not as comprehensive in the garnets represented as would have 
been the case had Mr. Godbole been able to deal with the second 
set of garnets as originally proposed, in particular it is defective 
in not containing analyses of the garnets of the Indian marbles and 
oalciphyres, usually essonite or andradite, nor of the pink garnets 
of the garnet-amphibolites. 

On scanning this table it will be observed that the pyrope mole - 
cule is present in quantity (>20%) only in one garnet, which is 
one of the precious garnets of Kajputana. The almandite mole - 
cule is present to the extent of over 20% in the first 6 garnets, of 
which the first 4 are derived from the crystalline schists—mica-schists 
and khondaiite. The spessartite molecule occurs to the extent of 
over 20% in 8 garnets, of which one is from a pegmatite in the 
Nellore district, 6 are from the Gondite and Kodurite Series of the 
Central Provinces and Madras respectively, and one is from a peg¬ 
matite cutting the Gondite Series. 

The groimlarite molecule is found in quantity only in 2 garnets, 
both of which come from kodurites, one from Vizagapatam and one 
from Ganjam. The andradite molecule is found in quantity in five 
garnets, three of which come from the Kodurite Series of Madras 
and two from the massive garnet rocks of Hazaribagh. 

In addition there are shown by these analyses to be three other 
molecules that must be considered, namely, 3Fe0.Fe 2 0 3 .3Si0 a , 
3MnO.Fe 2 0 3 .3Si0 2 and 3Mn0.Mn a 0 3 .2Si0 2 . The first of these 
occurs in quantity in the calderite of Hazaribagh and in small amount 
in two manganese-garnets from the Kodurite Series of Ganjam and 
Vizagapatam. It also occurs to the extent of nearly 20% in the 
" spessartite *’ garnet of Glen Skiag in Scotland. We must, it 
appears, accept this molecule as existing in some garnets. It 
requires, therefore, a name, and as the Indian locality Katkam- 
sandi is unsuitable this garnet may perhaps be called skiagite after 
the Scottish locality. 



Table No. 
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The second molecule, 3Mn0.Fe 2 0 r 3Si0 2 , occurs in large quan¬ 
tity in the analysis of calderite from Katkamsandi in Hazaribagh. 
This particular analysis has always been considered open to doubt 
and attempts to repeat Piddington’e results, represented in the table 
by the other two analyses of garnet from Hazaribagh by Mallet 
and Mr. Godbole respectively, have failed to disclose the large per 
centage of manganese found by Piddington. However, the exis¬ 
tence of this molecule in one example of spandite from Garbham 
n the Vizagapatam district (17%) and in one example of spessar- 
tite from Chargaon in the Central Provinces (13%) is proved by the 
two analyses A. 219 and 1030, which were by competent analysts. 
We must therefore accept this molecule also as present in some gar¬ 
nets, and the appropriate name for it seems to be calderite , as ha? 
previously been suggested. 1 

The third additional molecule is 3Mn0.Mn 2 0 3 -3Si0 2 , found 
only in one Indian garnet, at Chargaon in the Nagpur district, C. P. 
This garnet has hitherto been treated as a spessartite, but the abun¬ 
dant manganese is present as 18% of spessartite, 13% of calde¬ 
rite and 35% of 3Mn0Mn 2 0 8 -3Si0 2 , the balance being pyrope 
and andradito. The analysis was very carefully carried out by 
the late Mr. T. R. Blyth, for many years Assistant Curator to the 
Geological Survey of India, on very carefully picked material. 
Mr. Blyth was known for his accurate analytical work and we must 
therefore accept the result as returned by Mr. Blyth as accurate. 
The amount of material used in the analysis was only £ gramme, so 
that it was not possible to determine the state of oxidation. Con¬ 
sequently the proportions of FeO, Fe 2 0 , MnO, and Mn 2 O s , had 
to be calculated on the assumption thatr the mineral conformed to 
the general garnet formula 3R0.R 2 0 >r 3Si0 2 . Owing to the small 
amounts of alumina (8 05%) and Fe 2 O s (8-38%), assuming all the 
iron as being in the ferric condition, there appears to be no 
escape from the 3Mn0-Mn 2 0 8 -3Si0 2 molecule. In my memoir on 
the manganese-ore deposits of India, already cited, no attention 
w is directed - to this point and the presence of the Mn 2 0 8 
molecule in the garnet did not prevent my calling it spessartite. 
it seems to me desirable, however, to have a name foi 
the molecule itself, and I propose to call it blythite after 
Mr. Blyth. 


1 #e»., Genl. Surv. lad.. XXXVII, p. 184, 
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From this table it is seen that few of the garnets contain a high 
enough percentage of one molecule to be designated by that name 
alone. If names are to be used for the remainder, compound names 
seem inevitable. I find it difficult to devise any systematic method 
of compounding these names; but I have attempted to allow lor 
any molecule present to the extent of 20% or over, either by amal¬ 
gamating two names (pyralmandite, spalmandite, spandite, gran- 
dite), or by prefixing the name ol a prominent chemical constituent 
(mangan-almandite, ferro-spessartite, calc-spessartite, mangan- 
grandite). 

It is possible, of course, to devise formulae to indicate the com¬ 
position of complex garnets. Thus Uhlig 1 assigns the symbol of 
a chemical element to each garnet, indicating the principal distin¬ 
guishing chemical characteristic thereof, and builds up formula 
according to the molecular proportions of the various garnets. Pcntti 
Eskola 2 uses formulae indicating the atomic percentages of the 
elements separately in each group of isomorphous constituents, 
preferring this method because in an isomorphous mixture one 
cannot ascertain how the protoxides are combined with the ses- 
quioxides. As, however, one speaks of the various garnet mole¬ 
cules as if they exist, a conformable idea of the composition of any 
given garnet can be given by a formula built up of symbols indi¬ 
cating the various garnet molecules. Using the symbols Py, Al, 
Sp, Gr, An, Sk, Ca, Bl, for the 8 garnet molecules cons'dered in 
this paper (see table No. 7), the 17 garnets in table 7 could be rep¬ 
resented by formulae of which the following are examples :— 

J.371 Pyralmandite .... PyjwAl w Sp a Gr ? 

18/912 Speasartito .... Al u Sp 87 Gr 3 

A. 219 Sj>aiidite ..... Py 7 Sp 23 An 4 7 fc>k 5 Cai 7 

M.1538 Mangan-grandite . . . Py 3 Al 14 Sp7Gr lC An 6 9 

1030 Magneaia-blythite (“Spessartite ”) Py^SpjgAn^CajjBlgs 

Some form of diagram may prove useful in indicating the re¬ 
lationships of a number of garnets. For a series of garnets con¬ 
taining as many as 8 molecules the diagrams used by Ford 3 and 

1 PerA. d. Naturh . Ver. d. Rheinl. u . West Vol. 07. pp. 307-403, (1910) : consulted 
in abstract in Neues Jahrb. fur. Min. (hoi. u. Pal.. Band I, 1912, p. 22. 

* On the Eclogites of Norway, Videnskaps. Skrifter, I, Mat-Naturv. Klasso, 1921 
No. 8, p. 8. 

* 4 **&. Jour. Sci., XL, pp. 33-49, (1915). 
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Eskola in the papers cited are unsuitable; and instead the type of 
diagram constructed in Plate 10 may be used. This diagram, 
which is constructed on a molecular basis, is not uninstructive, 
as it shows a general relationship between mode of occurrence and 
composition. The almandite molecule is seen to be specially cha¬ 
racteristic of the argillaceous crystalline schists, and of pegmatite: 
the spessartite molecule is characteristic of the Gondite and Kodu- 
rite Series and of a pegmatite cutting the Gondite Series; the and- 
radite and gros&ularite molecules are abundant in some members 
of the Kodurite Series and the massive garnet-rocks of Haza* 
ribagh whilst the additional molecules skiagite, calderite, and 
blythite occur sporadically in the Gondite Series, the Kodurite Series, 
and the Hazaribagh massive garnet-rocks. 


VII. Specific Gravity of Indian Garnets. 

In his paper on the relations existing between the chemical, 
optical, and other physical properties of the members of the garnet 
group, 1 W. E. Ford makes a study of the relationship between speci¬ 
fic gravity and chemical composition, using 64 analyses of garnets 
in which the difference between the observed and calculated specific 
gravities does not exceed O l. Adopting the following specific 


gravity values for the pure garnets :— 

Pyrope. 3*510 

- Almandite.4*250 

Spessartite .......... 4*180 

Grossularite. . . 3*510 

Andradite .. 3*750 


Ford found that the average difference between the measured 
and calculated specific gravities of hi3 64 garnets was 0*045, or if 
the plus and minus signs were taken ufoj consideration, it was 
only +0*002 : he deduces therefrom that the values assigned above 
to the specific gravities of the various pure garnets must be nearly 
correct. 

Using Ford’s values for pure garnets, and taking only those 
Indian garnets that are free from the three new garnets, of which 
the specific gravity is unknown, we may compare the specific gra- 


1 Amer. Jour. Sci., XL, pp. 33-49, (1915). 
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vity values given in Table No. 7 with those calculated from the pure 
garnets. This is done in the following table :— 


Table No. 8. 



Values from 

Table No. 7. 

Calculated from value 
for pure garnets. 

J.371 






3-98 

3*90 

I. 16 . 



. 


. 

4-24 

4*09 

F.307 





• 

4-09(411-41C) 

4*04 

13/546 






415 

4*15 

10/984 






4*24 

4*04 

17/63 






3*95(4*02) 

4*06 

18/912 






4*13 

417 

233 . 





• 

3*72 

3*87 

M.1538 






3-73 

3*79 

llazaribagh 



• 


• 

3*735 

3*72 

A.134 

• 

• 

• 


• 

3-76 

3*675 
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The Geology of the Andaman and Nicobar Islands, 

WITH SPECIAL REFERENCE TO MIDDLE ANDAMAN 
Island, by K. R Gee, B.A., c Assistant Superintendent , 
Geological Survey of India. (With Plates u to 15 ) 


Introduction. 

As a southern continuation of the longitudinal mountain ranges 
of western Burma, and separated frmn them by the Preparis Channel, 
the Andaman and Nicobar Archipelagoes occur as the peaks of a 
prominent oceanic mountain-arc extending in the Bay of Bengal 
from 10° 30' north latitude as far south as 6° 45' north latitude. 
From this latter point the arc continues in a south-easterly direction 
through the islands of Java and Sumatra. 

From a point of view of geology the Andaman Group had pre¬ 
viously received the attention of R. D. Oldham in 1885, 1 and of 
G. H. Tipper during the field-season of 1904-05. 2 
togeotogy* references These authors had also visited some of the is¬ 
lands of the Nicobar Group. South Andaman 
Island, in the vicinity of Port Blair, was inspected by V. Ball 3 and 
Mallet. 4 * The Nicobar Archipelago had also figured in the writings 
of Ball, 3 Rink, 6 and Hochstetter ; 6 whilst Ehrenburg 7 made an ex¬ 
amination of specimens of the Nicobar clays. 

1 Rec., Oeol. Surv. Ind ., Vol. XVIII, pp. 135-145. 

Oeo. Surv. Ind ., Vol. XXXV, Pt. 4, (1911). 

% Journ. As. Soc., Bengal , XXXIX., p. 25. and p. 231. 

4 Rec. f Geol. Surv. Ind., Vol. XVII, Pt. 2. 

•Die Nikobar Inseln. Kopenhagcn, 1847. Translated Selections, Records, Govt.* 
Ind., LXXVII, pp. 105-153, (1870). 

• Beitragezur Geologic und physic kalischen Geographic der Nikobar Inseln. Gcolo- 
gischen Beobachtungen, von Ferdinand von Hoehstletei. Bkbc der oesteneichiscl < n 
Fregatte Novara um die Erde in Jahre 1857—59. Geologisehe Theil iii, pp. 85-112. 
Wien 1866. Translated in pait, Rec., Oeol. Surv. lud., II, pp. 69-73, (1870). Selections 
Rec. Govt. Ind., LXXVII, pp. 208-229, (1870). 

7 On an extensive rock-formation of Siliceous Polyeystina fiom the Nieobar Islands. 
Berlin MonatsberichL 1850, pp. 476-478, -4bptia<4 in Quart. Jcurn. Geol. Sec. Jondon, 
Vol. VII, pt, 2., p. 118,(1851), 
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It was during the early part of 1924 that 

Perled and extent of the present survey was earried out. This 
pmem survey# . . _ 

survey includes— 

(а) the geological mapping of the greater part of Middle 

Andaman Island; 

(б) a visit to the islands of the Ritchie’s Archipelago ; 

(c) a trip to Rutland Island, Little Andaman Island and several 
of the islands of the Nicobar Group. 

I am especially indebted to Col. Ferrar, O.B.E., Chief Commis¬ 
sioner of the Andamans and Nicobars, for his kind assistance, and to 
members of the Forest Department for their help during the tour of 
Middle Andaman Island. In addition I wish to thank Major R. B. 
Seymour Sewell, I.MS., Direotor, Zoological Survey of India, for 
permission to include the two photographs, forming Plates 11 and 13. 


Middle Andaman Island. 


Middle Andaman, the central island of the Andaman Group, is 
separated from North Andaman Island by Austin Strait, and from 
South Andaman Island by llomfray Strait. It was not visited in 
PJ04-05, the supposition at that time being tliat it was frequented by 
the wild Jarawa tribes. These people, however, appear nowadays 
to confino themselves to South Andaman Island and the few 
inhabitants whom we came across in the Middle Island were quite 
friendly. 

The island is from 15 to 18 miles wide, and about 40 miles in 


length. The eastern coast-line comprises a series of rocky spurs 


Physical features. 


separating stretches of sandy sea-shore often 
fringed by coral-reefs. The southern portion 


is, however, much more highly indented by creeks reaching inland 


for a considerable distance and lined by dense mangrove swamps. 
The eastern half of the mainland includes the more prominent 


ridges and hills, which rise to a height of 1078 feet and 1527 feet 
in the peaks of Mt* Diavolo and Angelica respectively. More cen¬ 
trally situated is the Mt. Baker ridge which similarly follows a north 
to south strike. But in the northern part of the island the line of 
hills of which Sound Peak (1188 feet) is the highest, runs at right- 


angles to this general trend. 



210 


Records of the Geological Survey of 'India. [Vol. LIX. 


Qeneral Geology* 


The rocks of the island comprise two main 
classes :— 


1. The Sedimentary Series. 

2. The Serpentine Series. 

They therefore correspond, as one would expect, with the strata 
of the north and south islands. The serpentines, being the more 
resistant to the action of weathering, form most of the prominent 
hills and ridges above noted. By their decomposition they have 

Vegetation given rise to a very thick covering of fertile 

sou, ana being capable of containing largo 
quantities of water, which they give up very gradually, they furnish 
very dense evergreen jungles of the gurjan type with thick under- 
growths of cane, bamboo, etc., throughout the year. The sedimen¬ 
tary areas are also well-wooded. In these forests the semi-deci¬ 
duous padouk is most prominent, and the change from one area where 
the serpentine rocks prevail, to another where the porous sedimenta- 
ries are predominant, is very striking. Where the more imper¬ 
vious clays occur among the sedimenlary strata, the forests are more 
d mse and resemble those of the serpentine areas. 

A note on the surface drainage of the island brings out 
another marked difference between the serpentine and the sedimentary 
„ . J , areas. The majority of the streams, arising in 

the areas where the more porous sandstones 
and conglomerates prevail, are either quite dry during the early 
months of the year, or occur as a number of separate pools linked 
together by a gradual seepage of water beneath the surface in the 
sandy beds of the watercourses. Those, however, which have for their 
gathering-ground the serpentine highlands, preserve a continuous 
flow of clear water throughout the year, rendering the valleys 
extremely fertile and suited to cultivation. 

Almost the only roadway through the island is an elephant- 
track used by the Forest Department to connect up Bom-lung-ta 

„ , ^ in the south with Bonnington in the extreme 

Communications, 

north-east. The inspection of the island was 
carried out by making successive camps along this path and working 
east and west as far as possible. Owing to the denseness of the 
jungles, in spite of the tireless efforts of the Burmans who accom¬ 
panied me, progress was often very slow. By making a hurried trip 
along the coast the sprvey of the eastern portion of* the island was 


Communications* 
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roughly completed. It was hoped that a similar tour of the west 
ooast would allow’ of the inspection of the western part of the island 
also, but this was prevented by the approach of the monsoon. From 
information received from members of the Forest Department who had 
visited that area, it seems probable that the sedimentaries prevail 
westwards to the coast. 

For the maps of the island (2-inch to the mile, 1913-14 Survey), 
I am indebted to the Chief Conservator of Forests of the Andamans. 
The map accompanying this paper is a copy of these reduced to a 
scale of 1 inch to 4 miles. (Plate 12.) 

Geological forma- As above-mentioned, the following stratigraphi- 
cal formations were recognised :— 

1. The Eocene Sedimentaries. 

2. The Serpentine Series, probably of Cretaceous age. 

In addition several small outcrops of limestone, probably of a 
more recent age, were met with in the north of the island. 


Description of strata. 


The conglomerates. 


1. The Eocene Sedimentaries .—The Eocene strata comprise the greater 
part of the mainland and in their lithology appear to be transi¬ 
tional between the predominant conglomerates 
ot the north island and the sandstones and 
clays of the south, all three types being represented. The conglo¬ 
merates with sandstones interbedded are characteristic of the more 
northern portion of the mainland whilst the clays, intercalated with 
the sandstones, occur more frequently in the area around Bom- 
lung-ta and to the south. Conglomerate beds are, however, met 
with in the vicinity of the inliers of the older Cretaceous rocks through¬ 
out the island, being well-represented in the 
higher ground of the island of Porlob. They 
include coarse varieties in which the pebbles are well-rounded and 
range up to several inches in diameter, though the harder quart- 
zitic pebbles are somewhat angidar. The pebbles include chiefly 
white and yellow quartzites, with rod jaspers and grey quartzitic 
sandstones. In addition small pebbles of serpentine rock occur 
together with volcanic types, usually of andesitic or veiicular basal¬ 
tic character. The larger felspars of these volcanics are often re¬ 
placed by calcite, or the rock has apparently undergone silicification, 
becoming somewhat cherty. The conglomerate matrix is often arenace¬ 
ous, but sometimes argillaceous, of dull-green colour, and probably 
derived largely from the serpentines. 
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The sandstones grade into the conglomerates and vary consider¬ 
ably in texture. They are usually porous and sometimes slightly 

The sandstone*. micaceous. Their oolour varies with the na¬ 
ture of the iron-content, green types being 
prevalent, but brown and yellow varieties, the latter often showing 
concentric rings due to more intensive staining with ferric oxide, 
occur in some parts of the island. In other cases the )ron occurs in 
a more concretionary form. Forming the falls of many of the streams 
of the eastern half of the island, these sandstones are very massive. 
In some parts, they, together with the other sedimentaries, contain 
local intercalations of gypsum. 

Identifiable fossils were obtained from a bed of blue-grey cal¬ 
careous sandstone in the northern part of the island. These were 
foraminifera of the typo Assilina granulosa 
Fossils and age of the d’Archaic, characteristic of the Lower Eocene 
sandstone series. beds q{ g^ Baluchistan> the Punjab, and 

Lower Burma, and denoting an horizon equivalent to the Laki 
beds of those regions of western India. This is the same species of 
assilina as was found by Tipper in the rocks of the southern island ; 
it is illustrated in Plate 14, Fig. 4. The cross-section of a similar 
form taken from the same piece of sandstone shows from 4 to 5 whorls, 
the outer 3 to 4 whorls being large and not increasing very much in 
size after the second whorl. The septa arc almost vertical, about 
20 in a whorl, and the chambers about lj times as high as broad. 
The specimens show no sign of wear, rugg* sting that thoy are not 
derived from pre-existing Eocene sediments. Thoy therefore point 
to at least a part of these sedimentaries being of Lower Eocene age. 

In the more argillaceous types of sandstones which occur asso¬ 
ciated with the clays of the Bom-lung-ta valley, occasional unidenti¬ 
fiable plant-fragments are to be found. 

The clays are usually dark or light-green in colour, together with 
bluish varieties. They are often considerably indurated and shaly, 
as exposed in the Bom lung-ta valley. Several 
small outcrops of coal were met with, asso¬ 
ciated with the clays and sandstones of the south. These were 
sometimes of lenticular form, up to 18 inches in thickness, 
and appeared to be of the nature of ‘ pockets * in the sediments. 
One exposure, in a western tributary of the Bom-lung-ta River to 
the north of the camp, suggested a more definite seam about 15 
inches in thickness. The coal was of a jet black colour and of a 


The day beds. 
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very friable texture, and burnt with a very smoky flame. Other 
less carbonised plant-remains occur in many of the clays. Occa¬ 
sionally calacareous concretions taking an ovoid form occur in the 
clay beds. 

The occurrence of pebbles of volcanic rock in the conglomerates 
of the island has already been mentioned. In addition, the inclusion 
of material of definite volcanic origin in the sandstones is very pe¬ 
culiar (Plate 14, fig. 1). The sandstone grains are usually very 
angular and include fragments of volcanic ash 
lOccarrencc of volca- an ^ numerous fragments of angular fel¬ 
spars. By the decomposition of these consti¬ 
tuents the rock becomes very porous and often friable. Such ashy 
sandstones are prominent in the conspicuous hill near the Yol Jig 
and again in the north of the island in the green sandstones around 
Bonnington. Similar strata also occur in other parts of the island 
grading into beds of volcanic tuff usually of andesitic type. Such 
definite volcanic ashes appear to occur at the base of the sandstone 
division. 

More striking, however, is the occurrence of outcrops of de¬ 
finite volcanic rock of intermediate and basic character. In the 
Bom-lung-ta Creek, a short distance above Sinkar, an isolated out¬ 
crop of basalt occurs in the mangrove swam}). The rock is an oli¬ 
vine basalt consisting of numerous lath-shaped labradorite crystals 
with marked flow-structure (Plate 14, fig. 3). The olivino occurs 
as fairly large crystals partly decomposed into calcite and serpen¬ 
tine. Unaltered augite is also present. These constituents together 
with the numerous felspar laths are included in a brown matrix 
in which magnetite grains arc frequent. Irregular cracks in the 
rock are filled with spherulites of secondary mineral of a faint green 
colour, probably serpentine. Again, in a stream leading down the 
western slopes of Mount Wood, a large boulder of green vesicular 
volcanic rock w r as observed (Plate 14, fig. 2). I was unable 
at the time to tftice this rock up the slopes to its point or 
origin, and had hoped to make a more detailed search from the east 
coast. On account of the shortness of the visit to the latter portion 
of the island at the end of the season the area was not re-examined. 
The rock is a vesicular augite andesite consisting of large porphyritie 
crystals of albitc, some augite, and with numerous vesicles filled with 
secondary green celadonite(?) in the form of spherulites. The matrix 
is brownish-green in colour, composed partly of glasR. Near the 

D 
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same locality a purple breccia of angular blocks of andesitic rock 
outcrops in the stream-course. 

The question of the stratigraphical age of these volcanics is some¬ 
what speculative considering the number and the nature of the out- 
orops met with. From the fact, however, that these volcanics are 
frequent as pebbles in the Lower Eocene con- 
tion of the volcanic*. " glomerates, and, on the other hand, do not 
exhibit the marked alteration which the older 
rocks associated with the serpentine series show, it is probable that 
they represent a phase of volcanic activity following on the primary 
upheavals of these older serpentine rocks, and preceding the deposi¬ 
tion of the Eocene sediments. 


2. The Serpentine Series. —As previously mentioned the serpentines 
and their associated rocks comprise many of the hills and ridges of 
the central and the eastern parts of the island. These include 
altered basic and ultra-basic intrusions of plutonic type with oc¬ 
casional doleritic dykes, occurring in close association with red and 
green jaspers, purple porcellanic limestones, hard grey and yellow 
quartzites, together with occasional outcrops of calcareous gneiss. 

The rocks composing these plutonic complexes vary from augite, 
enstatite, and bronzite peridotites, composed almost wholly of the 

The lutonics. pyroxene with olivine, to more felspathic 
types belonging to the gabbro group. The olivine 
is often largely altered to serpentine. In these rocks numerous 
magnetite grains are often included, together with crystals of 
picotite; occasionally chromite crystals were 
mjOccurreuce of chro- definitely ob8erved in the roc k-section. This 

mineral—chromite—was noted in specimens 

of enstatite peridotite from the Sound Peak inlier, and also 
from similar rocks from the serpentine area to the south of Beta- 
pur-dina. In many cases these rocks had suffered considerably 
from crushing and shearing, so that most of the primary minerals 
had been decomposed and largely replaced by green serpentine. A 
4 peculiar rock, apparently the result of the altera- 
tl ne . tion of these ultra-basic intrusives, was seen to 

crop out near the indurated sandstones and shales 
At two points in the stream to the north of Beta-pur-dina. The 
rock was of a distinct glassy type, of light green colour, resembling 
jade though very much softer ; it is talcose and could be easily ground 


Occurrence of chro¬ 
mite. 


Alteration to terpen¬ 
tine* 
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into a fine white powder. It outcropped almost vertically in the 
water-course in a very much shattered state, separating readily along 
wavy planes as though these represented surfaces of flow of a very 
viscous liquid. Following these curved surfaces were flakes of 
calcite. It is probable that the junotion with the sedimentaries 
was a faulted one and that the intense alteration of the exposed 
rock is the result of the crushing at the fault. Several other ex^ 
posures of altered serpentinous rock were met with, but usually 
the connection with the sedimentaries was hidden by alluvium. 

The older sedimentary beds include four prominent rock types: 

(a) Jaspers. 

The Older Sedimentaries. Porccllanic limestones. 

(c) Quartzites. 

( d ) Calc-gneisses. 


(а) The jaspers .--The jaspers occur as red and greenish types 
sometimes in the vicinity of the serpentines but also as individual 
outcrops among the younger sediments of Lower Tertiary age. They 
are often reticulated with thin veins of white quartz, and fracture 
conchoidally or into very angular fragments. They are quite distinct 
from the group of younger sedimentaries and doubtless owe their 
present indurated character and shattered appearance to the effects 
of the intrusion of the plutonics and to the subsequent earth-move¬ 
ments which have resulted in the folded character of the rocks of 
the island. They constitute the northern promontory of Porlob 
Island, Rosamond Point, and the coastal spur just south of Cuth- 
bert Bay. Thoy also crop out at several places on the mainland. 

(б) The limestones .—The limestones are of a purple or dull-red 
porcellanic type, and occur as small inliers among the Tertiaries. 

(c) The quartzites .—The quartzites are associated with the older 
sedimentaries in the neighbourhood of the serpentines. They are 
usually of a grey colour, very hard, and in section consist of a mosaic 
of quartz-grains of medium texture. They appear to be quite dis- 
tinot from the later sandstones, their purity alone indicating them as 
a separate group. Occasional outcrops of yellow quartzites occur 
with the red jaspers. Large boulders of similar rock are seen in 
the Bom-lung-ta stream a short distance above the forest camp of 
that name. 

D 2 
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( d ) The calc-gneisses .—The calcareous gneisses occur as very 
occasional outcrops among the sedimentaries. Very similar to 
exposures seen in the southern island to 
of thfcal/gneiMe^ 00 the south of Port Blair and along tho coast of 
Woodmason Bay, Rutland Island, they evidently 
formed a part of the pre Tertiary land-surface on which the younger 
sediments were deposited. They are minutely foliated and have 
apparently been derived by the intense metamorphism of the 
highly calcified serpentine rocks, for they are seen in section to 
contain occasional chromite grains and inclusions of green serpen- 
tinous material. Subsequent dynamic metamorphism has resulted 
in the foliation of these altered calcified products. 

Small outcrops of these rocks occur in the neighbourhood of the 
serpentines, also in the valley near the village of Bom-lung-ta, and 
on the coast just to the north of the Outhbert Bay promontory. 


Exposures of limestones , probably of Post^Eocenc Age . 

In addition to the above-described strata several small outcrops 
of cream and grey limestones occur in the stream-beds of the northern 

Occurrence of Litho P art *^ anc ^ Their included fossils in* 

thamnion. dicate a higher horizon than that of the arenaceous 

sediments of the mainland. In one of the 
eastern tributaries of the Tugapur River, not far from the main 
stream, a cream-coloured limestone occurs jutting out almost 
horizontally from the western bank. The latter being composed 
largely of sandy alluvium, the relations with the arenaceous sedi¬ 
ments of the neighbourhood arc obscured. A section of this limestone 
when examined under the microscope shows the rock to be composed 
largely of small nummulites which in cross-section are somewhat 
globose (Plate 15, fig. 4). Together with these foraminifera, are 
fragments of the alga, Lithothamnion. The latter contain concepta- 
cles, lying near the surface of the filament, ovoid in vertical section, 
and opening at the surface for the dispers : on of the spores. 

’ These conceptacles are of the type figured by Rothpletz 1 under the 
name of Lithothamnion suganum. Plate 15, fig. 2. As* noted previ¬ 
ously 2 a section of these nummulitic limestones strongly suggests the 
form Nummulites planulatus. It was impossible to extract a 


1 FoiSiIe Kalkalgen, Zeit . deutich. geol. Gks. t VoL XLIII, p. 295, (1891). 
1 Jtetf., GeoL JSurv . Ind., VoL LVm, pt. 1, p. 38, (1925). 
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specimen from the limestone for examination, and on reconsideration, 
after an examination of other limestone exposures, it seems probable 
that the deposit is of a more recent ago than is suggested by this 
horizon fossil. In this limestone echinoid spines are moderately 
abundant, while other foraminerifera, Nodosaria and Globigerina , are 
occasionally included. 

Again, in the eastern part of the island large boulders of greyish 
limestone are met with in one of the streams. This in section reveals 
the Lithothamnion fragments containing pear-shaped conceptacles 
arranged in a row parallel to the curved outer surface and very 
similar to the types figured under the name Lithothamnion nummu - 
liticum. (Plate 16, fig. 1.) Although these included fossils give no 
very definite evidence of the horizon of the limestone, a middle or 
late Tertiary age is suggested by the occurrences of a very similar 
limestone in parts of the other islands. 

Definite evidence of a late Tertiary deposit was met with in the 
northwestern islands of the Ritchie’s Archipelago, and there is reason 
to suppose an incursion of the sea over some parts of the mainland at 
a similar period, forming a shallow-water gulf for the deposition of 
these limestones. 


The Ritchie’s Arooipelago. 


Position, 


The Ritchie’s Archipelago includes the group of islands lying 
from ten to fifteen miles to the east of the Middle and Southern 
Andaman Islands, between latitudes 12° 20' 
and 11° 46'. The main islands of the group— 
Neill, Havelock, Nicholson, John Lawrence, Henry Lawrence, and 
Outram Islands, run in a general north-to south direction, and are 
separated by shallow creeks, along the shores of which mangrove 
swamps flourish. Mangrove is also prominent along the less ex¬ 
posed portions of the sea-coast, separated by spurs of clays, argil¬ 
laceous sandstones and shelly limestones, of which the islands are 
composed. 

Fairly thick forests prevail throughout the islands. In those 
parts where the impervious clays are predominant the evergreen 
types of jungle flourish, but in ether areas 
where the more pervious limestones prevail, as 
for example on parts of Wilson Island, padcuk and other deciduous 
trees, with a less dense undergrowth, are present. 


Vegetation. 
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The islands had previously been visited by R. D. Oldham, who 
had designated the clays of this archipelago as quite distinct from the 
Qeology of the Ulandi sedimentaries 0 f the main Andaman group, 
visited. and had correlated them with similar beds of 

the Nicobars, probably of Miocene age. 

In general the strata of the islands can be separated into two 
main groups: 

A more recent division of very loosely consolidated shelly 
sandstones containing numerous gastropod and lamcllibranch shells 
with occasional corals and echinoids. 

A lower series of grey and greenish clays, argillaceous sand¬ 
stones, white shelly limestones and occasional conglomerates—the 
Archipelago Group of Oldham. 

The Archipelago clay series are more affected by oarth-movc- 
ments than the upper beds, and whero these latter deposits occur 
they are almost horizontal or very gently inclined, whilst the clays 
outcrop with a general north-to-south strike and an inclination, as 
high as 60° in some parts of the archipelago. In no case, however, 
has the folding been so intense as with the rocks of the mainland, so 
that from their general appearance and structure, these argillaceous 
beds signify a younger series of sediments than those of the Middle 
Andaman Island. The stratigraphy in greater detail of the islands 
visited was as follows :— 

1. Sir Hugh Rose Island .—A visit was paid to the northern 
point of this most southern island of Ritchie’s Archipelago. 
In a steep cliff-section a shelly sandstone occurs resting on the 
clays. This sandstone contains numerous imperfectly preserved 
specimens of gastropods and lamellibranchs, most of which have 
been dissolved and only their ferruginous casts remain, so that the 
rocks are very porous. Where the shell-fragments are most abundant 
the matrix has become consolidated to form a hard band of impure 
shelly limestone. Although no identifiable species could be procured 
from the deposit the general appearance of the fauna, and the 
occurrence of the rock, assign it to a more recent group of Tertiary 
sediments than the clays. It is obviously a shallow water deposit 
and corresponds with the partially consolidated shell sands of Neill 
Island and the ferruginous shelly sands of Outram Island to be 
considered later. 

2. Neill Island .—A large portion of Neill Island is composed of 
the light-green and grey Archipelago clays. These are well-exposed 
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in the cliffs of the north-eastern part of the island where they dip 
northwards at an angle of 25°. 

The cliffs of the western portion of the island are. however, formed 
of a yellow shelly sandstone, partially consolidated and weathering 
in honey-comb fashion. This sandstone dips north-west at 20°, in 
the point to the south of Cape Mears. It contains fossiliferous bands 
in which specimens of echinoids and lamellibranchs were obtained. 
The latter resembled recent species of the genus Pecten. The 
echinoids, however, gave a more definite indication of the strati- 
graphical horizon of the deposit. One specimen, a type of Marelia , 
is almost identical with the living species Marelia planulatus , now 
found in the Andaman seas. The specimen is slightly more flattened 
than the living type but this may possibly be due to crushing in the 
deposit. Considering the rapidity with which evolution took place 
in the echinoids in the Tertiary epoch the striking resemblance of 
this fossil type to living species is strong evidence for a fairly recent 
horizon for this deposit, probably as late as the Pleistocene. A 
fragment of the test of a Temnopleurus type of echinoid was also found 
in the deposit. The rock is obviously of shallow-water origin, and 
the relative uplift of this island appears to have been going on quite 
recently, for on parts of the coast boulders of recent coral, occurring 
above high-water mark, extend inland for some distance. 

3. Havelock Island. —This is the largest of the Archipelago is¬ 
lands, being about 11 miles long and up to 5 miles in width. A 
tour was made around the coast of this island, where the best sec¬ 
tions are available. The interior is covered with thick forests and 
swamp. The grey and white clays again form the greater part of 
this island. In several parts of the coast a level tract, a few feet 
above high-water level, extended inwards for a short distance. Oc¬ 
casional pieces of coral and recent shells were met with, suggesting 
possible relative uplift in recent times. On the other hand m some 
places these might represent a deposit of fine sand blown up by the 
monsoons on to the coral reefs which fringe the sea-shore at many 
points. 

The white clays are well-exposed in the steep cliffs around the 
coasts. In, the north-west promontory they dip north-west at 
45°. Further south blue-grey sandy clays are intercalated. In 
the neighbourhood of Prince’s Inlet and continuing to the south to 
Sail Bock the white and cream-coloured clays are predominant, 
the dip changing through north-east to east, and in the extreme 
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south of the island the inclination is to the south, up to 45°. Ap¬ 
proaching these prominent white cliffs down the western coast, 
fine argillaceous light-green sandstones are intercalated in the clays, 
and a small overthrust to the south is exposed in the coastal section. 
In these arenaceous bands an imperfect fossil belonging to the genus 
Pecten was found. A short distance further south several types of 
lamellibranchs and a Dentalium were discovered in the clays. The 
shells of these specimens, though quite well preserved, were much 
decomposed and very fragile, So that they readily broke up when 
removed from the matrix. They include : 

A species of Pholas , similar to that figured by Noetling as P. 
orientalis. 

A species of Pinna . 

A Dentalium similar to the type figured by Martin as D. nang- 
qulanense. 

A form of lamellibranch was also included. Although these 
fossils throw no very definite light on the exact horizon of the deposit 
in which they occur, they certainly suggest 
Probab'e shallow- ^e conditions under which these argillaceous 
water origin of the beds have been deposited. All the specimens 
Archipelago clay series. are exce pti 0 nally thick-shelled, suggesting that 

the deposit is of shallow-water origin, certainly 
not of the deep-ooze class of sediments, as indicated by some pre¬ 
vious writers. Again, a short distance east of Sail Rock a light- 
green slightly carbonaceous clay crops out with soft argillaceous 
sandstones, adding further evidence to the supposition of a shallow- 
water mode of formation for the series. Up the east coast, 
harder grey and green arenaceous bands stand out from the softer 
clays, the dip being to the south-east at an angle of from 40° to 50°. 

In general structure, therefore, the rocks of the island appear 
to occur as an anticline with its axis running north-east to south¬ 
west, and outting through the island between Melville Point and 
Prince’s Inlet. 

3. Nicholson Island .—Nicholson Island is largely surrounded by 
a fringe of mangrove swamp except in the extreme south-east. At 
this point the white clays stand out prominently. Inland the island 
is well forested. 

4. John Lawrence Island .—Mangrove again hides any exposures 
pver a considerable portion of the coast, though several cliff-pectiops 
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are observable. In the south of the island light-grey and white 
clays are predominant, with intercalations of fine argillaceous, slightly 
micaceous sandstones. The latter exhibit false-bedding at certain 
horizons, and dip in an easterly direction at from 8° to 10°. 

5. Henry Lawrence Island .—Much of the eastern coast of this 
island is lined with mangrove swamp, but the sedimentaries stand 
out at several points forming white and grey cliffs in the southern and 
the northern parts of the island. In the extreme south the strata 
strike in a general north-north-west direction, the rocks occurring as a 
low anticline followed by a syncline to the east. The dip varies up 
to 12°. The rocks are of the argillaceous types previously met with. 
A short distance up the Kwangtung Strait a stretch of loose sand 
containing recent marine shells and raised about 6 feet above high- 
water level occurs within the shore, suggesting a relative fall of 
sea-level within recent times. 

The exposures of the north-east of the island were also visited. 
The strike is here in a north-west direction, the strata cropping out 
in a synclinal, in which the dip varies from 20° to 45°. White 
clays and argillaceous sandstones occure in the north with a hard 
well-jointed blue-grey limestone interbedded further south. 

6. Outram Island .—This island, situated just north of Hern*) 
Lawrence Island, consists of two north-to-south-striking ridges 
linked together by a low isthmus. Sandstones are here more promi¬ 
nent with the argillaceous strata, and in the south-western point 
of the island these dip north-east at 30°. In the north-west corner 
dark-grey clays are intercalated in the strata, which here dip south¬ 
east at a low angle. 

In the extreme south-east of the island another cliff section is 
observed. This however comprises more recent strata than the 
clays and consists of a series of yellow sands 
Occurrence of fer- with shell fragments, dipping north-east at 5°. 
ruginoui shelly sands- At the south-east point of the island these beds 
pass into a series of alternating coarse-rex- 
tured brown ferruginous shell-sands separated by harder consolidated 
bands of a similar nature. These harder layers are from 4 to 6 
inches in thickness, whilst the softer, only partially consolidated, 
or unconsolidated bands range up to two feet in width. The rock 
contains numerous fossils, many fragmentary, but others from the 
softer layers can be obtained in good condition. They * include corals, 
gastropods, and lamellibranchs, together with several small fora* 
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minifera, and a carapace of a crab. This latter fossil, Major R. B. S. 
Sewell has very kindly identified as belonging to the genus Phyttyra. 
In general the fauna is representative of a late Tertiary horizon. 
Several of the species appear to be identical with the Miocene types 
from Burma as figured by Dr. Nootling, whilst others were compar¬ 
able with recent forms now living in Indian seas. It is suggested, 
therefore, that these strata aro of late Tertiary, Pliocone or Pleisto¬ 
cene ‘ age, and correspond with the newer shallow-water deposits of 
Neill Island and others. They, too, wore obviously deposited at no great 
depth. 

These fossil foims include : 

Corals. 

Forms similar to Paracyathus carulus , Noet. spp. to Ceratatrochus 
and Gastropods. 

Torinia spp. 

Conus spp., similar to C. odengensis , Mart., but also resembling 
closely some recent types. 

Conus spp., resembling C . generalis of Recent age. 

Fusus , 3 spp., one species closely resembling F. ambustus . 
Drillia spp. 

Olivia spp., very similar to 01. australis Duclos var. 

Natica, 2 spp. 

Turbonilla spp., resembling T. rufa from the Pliocene. 
Rissoina spp. 

Dentalium spp., similar to D. tenuistriatum. 

Lamellibranchs. 

Pecten , 3 spp., belonging to the sub-genus Chlamys and resem¬ 
bling the spocies ‘ javanus ’ as figured by Martin. 

Venus , differing slightly from Cryptogramma scabra as figured 
by Martin. 

Leda virgo. 

Cuspidaria spp., similar to C. cuspidata. 

7. Strait Island.— This small island is situated within 3 miles 
of the mainland, due west of Outram Island. The rocks of the island 
form a steep broken anticline with the axis running north to south, 
and cutting through the island just to the west of the southern 
promontory. The strata include the white and grey clays, but with 
them are associated bands of shelly sandstone with ferruginised shell 
fragments. Conglomerates occur as a band in the south-western 
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sedimentaries. These latter beds, dipping at a fairly steep angle, 
are interesting from the fact that they contain several types of 
fishes’ teeth. They are comparable to the Mid-Tertiary types of 
other areas but give little definite information concerning the age 
of the clay series. Several of the types belong, as one would expect, 
to the shark family. 

8. Colebrook's Island. —Colebrook’s Island, like Outram Island, 
consists of two rock ridges at the eastern and western extremities of 
the island, linked together by a low-lying isthmus of mangrove. 
The rocks of these two eastern and western promontories differ 
markedly from each other. In the south-eastern one the white 
cliffs of the Archipelago clay group of sediments are well seen. 
Forming the south-western point of the island, the older rocks, 
as met with on the mainland of Middle Andaman Island, are observod 
in the coastal exposures. These include the pink procellanic lime¬ 
stones, together with brecciated red jasper rock and conglomerates. 
The relations between these two series are, however, hidden by the 
stretch of mangrove swamp separating the two exposures. 

9. Long Island .—Long Island is situated off the south-east coast 
of Middle Andaman Island. Around the east coast coral beaches 


raised a few feet above the present sea-level 
occurrence of tufa. stretch & distanco pother 

inland, forming the hilly ground, are outcrops of calcareous shelly 
sandstone, yellow and grey in colour, and containing numerous 
shell-fragments, by the partial solution of which the rock has become 
consolidated but remains porous. These grade into shelly lime¬ 
stones. White and grey argillaceous limestones and clays also 
occur in the north of the island. The rocks definitely belong to the 
Archipelago Group of sediments. In the centre of the island, a 
waterfall in the stream, where calcareous sandstones are exposed, iB 
covered with a deposit of recent tufa, which is still forming 
rapidly. 

10. Wilson Island .—Wilson Island, a small island lying among 


the northern islands of the main Archipelago, reveals the lower grey 
clays and fine sandstones around the coast. Above these, forming 
the higher parts of the island, a white porous limestone is seen. 
A section of these limestones shows them to contain LepidocydincB 


and fragments of algae, probably Lithothamnion. 

From the above investigations it seems probable that, as suggested 
by Oldham, the main clay series of these islands comprises strata 
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of Mid-Tertiary age. These, from the evidence of their included 
fossils, carbonaceous inclusions, sandstone and conglomerate bands 
in various parts of the islands, appear to be definitely of shallow 
water origin, or formed at only a moderate depth. It is suggested 
that they were laid down in the seaward extension of the gulf which, 
stretching northwards into Lower Burma, resulted in the estuarine 
formations of that area during Miocene times. Following the forma¬ 
tion of the clays and their associated sandstones, the foraminiferal lime¬ 
stones as seen in Wilson Island, and the shelly limestones of Long 
Island, were deposited; and at a later period the shelly sandstones 
and unconsolidated sands, as exposed in the southern islands of the 
group and again in Outram Island, were laid down in the shallow 
coastal seas. As a result of a quite recent relative uplift of the 
land, these late deposits were raised above sea-level to form the 
oliffs of the islands as indicated. 


Rutland Island, The Cinque Islands, and Lihle Andaman 

Island, etc. 

Rutland Island .—The greater part ol Rutland Island is com¬ 
posed of the rocks of the igneous series. Serpentine rocks predo- 

„ -, , minate, whilo veined jaspers and grey quart- 

Sandstonet of the . ,, \, 1 , v . , & M . 

north of Rutland Island, zites, together with the foliated calc-gneiss, 

also crop out occasionally. In the coastal sec¬ 
tion just north of Woodmason Bay on the west coast sandstones and 
shales occur and extend throughout the north-western portion of 
the island as far as the promontory named Norman Town. These 
sandstones, etc., resemble representatives of the Port Blair series of 
Lower Tertiary sediments. In this northern pait of the island they 
occur as an anticline followed by a syncline in the extreme north¬ 
west with an axis running north-eaBt to south-west. The dip 
varies from 30° to 50°. The rocks are mainly sandstones, slightly 
micaceous, and blue-grey or yellow in colour. In them bands of 
bedded mudstones are intercalated. 

Several islands of the Labyrynth Archipelago wero visited; Jolly 
Boys Island, Malay Tapu, and Hofcday Island. In these islands 
similar sandstones predominate, together with bands of grey clays, 
the strata being thrown into a series of folds striking north-to-south. 
This structure is well exposed in the cliffs of Malay Tapu, 
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A visit was also paid to the two small islands, the Twins, to 
the west of Rutland Island. With outcrops of the veined plutonics 
Evidence of recent an< ^ their associated rocks, the coast also showB 
relative uplift of the evidence of recent relative elevation of the 
land in the occurrence of a sandy beach about 
6 feet above high tide, and again in the presence of a recent pebble 
conglomerate similarly raised above the present high-tide level, 
and fringing the coast of the north-western part of the western 
island. 

The Cinque Islands .—The rocks of the Cinque islands comprise the 
older serpentine series, mainly altered peridotites in which one 
typo rich in bronzite stands out prominently. Associated with these 
altered plutonics are occasional grey quartzites and veined volcanic 
rock. The latter is composed largely of minute felspar crystals and 
hornblende derived from augite ; the felspars show definite parallel 
orientation. 

A raised beach of fine sand with recent shell-fragments about 16 
feet above high-water level occurs on the west coast of the southern 
island. 

Little Andaman Island .—This island, lying to the south of Rutland 
Island, and continuing the chain into the Nicobar Group, was visited 
at two points, at Jackson Creek in the north-west and at Hut Bay 
in the south-east. The island is very low-lying and covered with 
thick jungle. The interior lias not been surveyed. The inhabitants, 
though supposed to be closely allied to the hostile Jarawa tribes of 
►South Andaman and of North Sentinel Islands, w r ere found to be 
quite amicable so far as our investigations w T ere concerned. Very 
few rock exposures occur on the coast, the sea-shore consisting 
of stretches of fine sand separated by intervening mangrove 
swamps. 

At Jackson Creek an exposure of light-green slightly micaceous 
fine sandstone forms a prominent cliff on the north-east side of the 
bay. These sandstones are weathered in honey-comb fashion be¬ 
tween high and low water marks, and resemble in lithology some of 
the Port Blair types, though on the whole of a finer variety. Bands 
of argillaceous sandstone are interbedded. The rocks dip gently 
to the east at from 16° to 18°. From the sandstones occurring 
just above high-water level an imperfect specimen of Pecten , a thin- 
shelled form, was obtained. 
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The erosion of these sandstone cliffs during recent times again 
points to a relative depression of the sea-level. A definite plat- 

An lifted coastal ^ 0^m, ev ^ently the result of coastal erosion, 

platform. now situated about 10 feet above the present 

eroded coast-level, together with a small cave 
in these sandstones well above the present high tide mark, bear 
evidence of recent earth-movement. 

A landing was next made at the south-west corner of Hut Bay. 
At this point unquestionable evidence of the occurrence of beds of 
Recent coral rock of recen t coral rock in situ , above the present 

the mainland around sea-level, was noted. Following inland a short 

Hut Bay. distance, a small stream enters from the west. 

In the bed of this stream boulders of recent coral were abundant, 
and also occurred in the dense undergrowth in the vicinity of tho 
stream. From the low-lying topography of many parts of the 
island it seems possible that other parts of the coast are composed 
of similar coral exposed by a recent relative uplift of the land. 

An interesting point was the way in which the natives of tho is¬ 
land obtained supplies of fresh-water from the coral rock of this part 
Supplies of fresh- the coast * This fresh-water, forming a part 
water from the coral of the drainage of the interior, percolating 
rock# through the very porous raised coral rock, 

was apparently held up by the denser sea-water of the coast, and 
could be obtained from the larger cavities in the coral, now coverod 
by a dense undergrowth, at a depth of about one to one-and-a-half 
feet, below the surface. This was at a point about 60 yards distant 
from the sea-coast. The level of the fresh-water, so far as one could 
judge, appeared to be almost the same as—perhaps a little above— 
the surface of the water in the bay. It is somewhat surprising to 
find that this water, occurring so near the coast, and in a rock in which 
tho conditions for rapid transfusion appeared to be very favourable 
should remain uncontaminated. 

A more striking example of this phenomenon was observed lator 
during the visit to the Nicobar Islands; this is described below 

(p. 228 ). 

At the northern point of Hut Bay a dissected promontory of 
steep cliffs of white and cream-coloured foraminiferal limestone 

Llthothamnlon lime- * orms a strikin S feature of this south-eastern 
stone occurrence. coast. No definite stratification is observed, 

. the rock surface weathering in honey-comb 
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form. Included in the limestone are blocks of green and brown 
sandstones of varying sizes, similar in type to those forming the 
exposures of Jackson Creek. As detached blocks within the reach 
of the tides, similar limestone was seen to include blocks of red jasper 
and veined gneiss. It seems probable that the latter boulders of 
more ancient rock were brought some distance by the sea, and not 
derived from the existing strata of the neighbourhood. The inclusion 
of the blocks of sandstone at least suggests a late Tertiary age for the 
deposit, and such is supported by its general character and nature 
of occurrence. A microscopical section of the limestone shows 
it to consist of a number of small nummulites and fragments of 
Lithothamnion , together with a reticulation of calcareous meshes. 
(Plate 15, fig. 4.) The Lithothamnion fragments show concep- 
tacles of the L . suganum type (Plate 15, fig. 2). Other small forami- 
nifera, including Textularia, are occasional. These foraminiferal and 
algal remains are embedded in a matrix of crystalline calcite. The 
limestone appears to represent a coastal formation formed in late 
Tertiary times and recently raised above sea-level. 


The Nicobar Islands. 


The Nicobar Islands continue the Andaman arc to the south, reach¬ 
ing a point as far south "as 6° 45' north latitude. Three main 
types of strato are represented in the rocks of 
Situation. the Archipelago. In the islands of the northern 

half of the group the serpentine series to¬ 
gether with the grey Nicobar clay group of Mid-Tertiary age are 
dominant, whilst in the islands of Little and Groat Nicobar, and of 
Kondul and Pulo Milo associated with this southern portion of the 
chain, the arenaceous facies suggesting relations to the rocks of the 
main Andaman Group, are observed. 

During the cruise, brief visits were paid to the following islands; 
Kar Nicobar Island, Chaura, Kamorta, Tilanchong, Batti Malv; 


Extent of visit. 


and in the south to Pulo Milo, Kondul, and 
Great Nicobar Island. 


1. Kar Nicobar Island, —The strata of Kar Nicobar, the most 


northerly island of the group, include the soft grey clays of the central 
portion of the island and of parts of the coast, partially surrounded 
by a rim of raised coral of Recent age. This fringe of coral is 
prominent all along the east coast of the island and on it the coconut 
flourishes in abundance. A visit was paid to the village of Mus in the 
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extreme north of the island, and an inspection was also made of the 
coast of Sawi Bay. The raised recent coral rock and fine sand 
deposit form the site of the village, and in fact, of most of the* 
settlements of the island. This is no doubt on account of the ease 
with which an existence is obtained from the growth of the coconut, 
and also from the fact that at these points fresh-water is obtainable 
throughout the year. 

A note on the supply of drinkable water for the village of Mus is 
worth recording. Much liquor is obtained from the coconut itself, 
but wells of drinking-water occur in and around the village. These 
were all sunk in the coral rock, often at quite short distances from the 
sea-shore, and the supply of uncontaminated water continued without 

The water su l of a ^ rea ^’ Further inquiries from Mr. E. Hart, 
the village of Mus. the only British representative living in the 

islands at that time, resulted in the following 
written statement: “ Our water-supply is fairly abundant. Our 

deepest well is 27 feet and has 7 feet of water, quite fresh. My own 
well is 15 feet deep and has 3 to 4 feet of water. At high tide it 
has more, as the wator rides on the tide, but it is quite fresh. 
Other wells are 3 to 6 feet deep. All are dug in coral rock and give 
excellent water. Some are only 50 yards from the sea and others 
well inland. We have no pumps and all wells are open; rough 
stones are built up to keep the sand, etc., from blowing in, or logs 
are laid for the same purpose.” 

Evidently the water, draining over the clays of the interior, 
passes into the porous coral rock. The flow towards the sea being 
continuous, sufficient * time is not allowed for the sea-water to 
penetrate inland even at high tide to cause the contamination of 
the well waters, although at such short distances from the sea-shore. 
The only effect is to cause a rise in the water-level near the coast 
as the tide flows. 

Along the coast of Sawi Bay, a soft shelly sandstone, and argil¬ 
laceous sandstone, with bands containing numerous recent lamelli- 
branch shells, notably Pecten types, occur as low cliffs. The strata 
dip eastwards at about 7°. A short distance further south the grey 
Nicobar clays come in below, and form the only type of rock exposures 
further south along the coast. The dip of the beds, where first 
visible, is at 20° in an easterly direction, but this increases as we 
continue along the coast, being as high as 55° near the angle of the 



Pabt 2 f ] Gee : Geology of Andaman and Nicobar Islands. 


229 


2. Ghaura Island .—In the cliffs of the south-eastern part of Chaura 
Island the light-grey Nicobar clays are well-exposed. The low-lying 
eastern portion of the island is however composed largely of raised 
coral root, about 6 to 8 feet above high-water mark. Numerous 
boulders of coral, partly hidden by fine sand, occur inland. 

The clays of Chaura were apparently used by the natives of 
that island for pottery manufacture, of which they had the monopoly 

n ,, among the several islands of the vicinity. Now, 

however, clay appears to be brought from 
Terressa Island, about 7 miles distant, though the monopoly of the 
industry apparently remains with the Chaura inhabitants. 

3. Kamorta Island .—The south-eastern portion of Kamorta Island 
was visited. In the cliffs of this promontory the grey Nicobar clays 
with intercalated bands of argillaceous sandstones and occasional pebble- 
bods, dip east-south-east at a low angle. The clays are well-exposed 
in the streams inland forming the rolling down country. They 
are mainly of light-grey and greenish types, though some are 
stained red. In one of the small valleys resting on the surface of 
the disintegrated clays, a thick-shelled specimen of Valuta was found. 
The fossil was water-worn and unidentifiable, but it appeared to 
have been derived from the clays. 

The more inland parts of the island were not visited. 

3. Tilanchong and Balti Malv Islands .—A large tract of the islands 
of Tilanchong and Batti Malv is composed of rocks belonging to the 
older Cretaceous group. 

In Tilanchong Island these form a narrow irregular ridge running 
north-to-south and reaching a height of over 1,000 feet in Maharani 
Peak. To the north of Freshwater Bay, highly^ indurated green 
shales and quartzites crop out, dipping in a general easterly direction 
as steeply as 20°. These are seen dipping at a steeper angle further 
north and are associated with the red jasper rocks. Still further 
north less altered tuff-like sandstones, similar to some indurated 


Andaman types, outcrop. 

Evidence of recent uplift along these coasts is seen in the coral 
boulders and recent shells of the vicinity of Freshwater Bay, but 
again, more pronouncedly in the cliff 25 feet 
high of cream-coloured honey-combed lime¬ 
stone very similar to that found at Hut Bay, 
Little Andaman Island; this occurs on the west coast near 
Novara Bay. A section of this limestone shows it to be similarly 


Evidence of recent 
changes of sea-level. 
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largely comprised of Lithothamnion fragments and small nummulites. 
In the Lithothamnion , conceptaclfcs of the type L . suganum are ob¬ 
served (Plate 15, fig. 2). 

At Batti Malv a peridotite with bronzite is prominent among 
the basic intrusions. 

4. Great Nicobar , Pulo Milo , and Kondul Islands .—The rocks of 
Pulo Milo and Kondul Islands consist largely of Bandstones, com¬ 
parable in lithology with those of Rutland Island and parts of the 
main Andaman Group. On the east of Pulo Milo these grey micaceous 
Sandstones with intercalated shales dip steeply to the north-east. 
With the sandstones and shales of Kondul Island, thin lignite 
bands are intercalated. 

Similar sandstones and shales are exposed in the extreme south 
of Great Nicobar Island, along the eastern shores of Galatea Bay. 
These again contain traces of carbonaceous material, and dip 
steeply to the east. Further north along the coast cliffs of light- 
green clays and argillaceous sandstones crop out. A trip was made 
up the Galatea River. The lower course of this rivor is lined with 
mangrove, and banks of recent alluvium occur for several miles. 

Economic Geology of the Islands visited. 

During the present survey several rumours were received concern¬ 
ing the occurrence of petroleum apd of mica in the islands. Evidence 
of the former was no doubt the result of the misinterpretation of the 
phenomenon, met with in many parts of the islands, of an iridescence 
on the water of the more stagnant pools which occur on the sedimen- 
taries. On examination, this was invariably found to be caused 
by a film of ferric oxide derived from the ferruginous matter of the 
sandstones and clays of the vicinity. 

Concerning the presence of mica in Middle Andaman, several 
specimens were brought to my notice, but all had been mistaken 
for the mineral gypsum, associated with these 

ccurenceo {opium. jg ocene eediraents of the islands of the Anda¬ 
man Group, There appears to be no prospect whatever, at least so 
far as Middle Andaman is concerned, that mica will be found. 

The occurrence of coal has been mentioned previously. Those 
outcrops observed were of small thickness, and occurred, in at least 
one instance, as a lenticular pocket in the 
sandstones and clays. 
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Chromite. 


The possibility of workable deposits of chromite in the serpentine 
series was also noted by Tipper. As mentioned in this report 

chromite was observed in several of the sec¬ 
tions taken of these ultra-basic rocks, but 

no instance of its being in sufficient quantity to be of economic use 
was met with. It should however be mentioned, that a detailed 

study of these areas of intrusive peridotites was impossible in such 
a limited time, and also on account of the denseness of the vegeta¬ 
tion. 

The glassy serpentinous decomposition product, met with in 
the hills to the north of Beta-pur-dina, could probably be used for 
the manufacture of a talc-like powder, though its inaccessible 

position renders it at present valueless. 

Some of the sandstones of Middle Andaman, notably those of the 
eastern part, would make fairly good building stones, though the 
ashy varieties, on account of their rapid wea¬ 
thering and friability, are of little use for such 
purposes. The peridotites and serpentines of the island also present 
possibilities of being used as serviceable building material or as orna¬ 
mental stones. 

The clays of Ritchie’s Archipelago and of the Nicobars could 
doubtless be made use of in the manufacture of bricks and pottery, 

Ufc of the cU whilst the coral rock, notably the raised coral 

from which the saline material had been dissolved 
away, would provide lime for building purposes. 

Is thus appears that the rocks comprising the Andaman Group 
are not economically important from the mineral point of view. 

Their chief value lies in the fertility of 


Building stones. 


Fertility of the soils. 


the soils which they produce. This is well 


evidenced in the luxuriance of the jungles and of the small culti¬ 
vated tracts which already exist. 


UST OF PLATES. 


Plate 11. 

A raised coral beaoh of the south end of Henry Lawrence Island, Ritchie’s Archi¬ 
pelago. 


Plate 12. 

Geological Map of Middle Andaman Island, Scale 1 inch to 4 miles. 
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Plats 13. 

Sandstone cliffs, west side of Little Andaman Island. 

Plate 14. 

Ho. 1.—Ashy sandstone from the north of Middle Andaman Island. 

Flo. 2.—Vesicular voloanio rock from Mt. Wood. 

flo. 3. —Basalt from the south of Middle Andaman Island. 

Fig. 4.—Photograph of Assilina granulosa , magnified about 8 diameters. 

Plats 15. 

Flo. 1.—Photomicrograph of section of late Tertiary limestone, showing Litho- 
thamnion fragments including conceptacles of the L. nummuliticum type. 

Fig. 2.—Photomicrograph of section of late Tertiary limestone, showing Litfuh 
thamnion th&llus including oonceptacles of the L> suganum type. 

Fio. 3.—Photomicrograph of section of late Tertiary limestone, showing sections 
of Lepidocyclinae. 

Fig. 4.—Photomicrograph of section of late Tertiary limestone, showing Lepidocy¬ 
clinae, Lithothamniov , and Nummuliles in section. 
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An Occurrence of Cryptohalite (Ammonium Fluosi* 
licate). By W. A. K. Christie, B Sc., Ph. D., M. Inst. 
M. M., Chemist, Geological Survey of India. 

In 1925 Dr. L. L. Fermor discovered a peculiar white deposit 
on the ground at Bararee Colliery in the north-east section of Barari 
mouza (23° 42' ; 86° 28') in the Jharia coalfield. It overlies No. 15 
seam, about 120 feet north of No. 14 incline, which was sealed up 
in 1912 on account of fire. At the place of the occurrence the roof 
of No. 15 seam is said to be about 40 feet from the surface, the seam 
being overlain by carbonaceous shale, which is also to some extent 
combustible. A much weathered mica-peridotite dyke, some four or five 
feet wide, crops out in the neighbourhood, dipping about 60° W White 
smoke was issuing alongside the dyke and earth had been thrown 
on the ground to smother the fire. The white deposit usually 
occurred as a coating on lumps of this earth. Arborescent crystals 
of sulphur were also found, and in places the temperature of the 
ground was sufficiently high for the sulphur to be molten. The 
white deposit proved to be cryptohalite, a mineral previously reported 
only from eruptions of Vesuvius. Although the occurrence at 
Barari has not been produced entirely by the processes of inorganic 
nature-- the fire in the coal seam originally being the handiwork of man 
—it is perhaps sufficiently unusual to deserve a brief description. 

Mr. R. G. M. Bathgate, the manager of the East Indian Coal 
Company, kindly had a quantity of the deposit collected. The 
material occurs in three forms. The most striking, although it 
is found but rarely and in tiny crystals, is in the form of a paddle- 
wheel with four transparent shining blades. More common are 
arborescent, translucent crystals with a vitreous lustre The most 
usual form is an opaque, whito mass with a mammillary surface. 

The transparent crystals are shaped more or less like a dart with 
four barbs at right angles, the Jength being up to 1 mm. and the 
breadth of the barbs up to 0-2 mm. The edges are corroded and 
the angles are not measurable. The crystals are uniaxial, negative. 
The blades are each perpendicular to the optic axis and form an 
interpenetration twin, whose twinning axis is perpendicular to the 
optic one. The refractive indices are very low : w lla =l*406 ± -001 
^=1-391 + -003 (immersion method in mixtures of amyl alcohol 
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and methyl butyrate). The material was much too scanty for more 
than qualitative microchemical analysis. 1 

It is easily soluble in water, corrodes glass when heated and 
sublimes without leaving a residue. Its solution in water gives a 
copious precipitate with potassium chlorde and it evolves ammonia 
when treated with sodium hydroxide. The crystals are presumably 
the hexagonal form of ammonium fluosilicate prepared by C. Marig- 
nac 2 and B. Gossner. 3 The habit is peculiar in that the direction of 
elongation of the crystals is at right angles to the optic axis. 

The isotropic material from Barari is usually in arborescent form 
with the edges of the crystals corroded. It is translucent, with a 
vitreous lustre. The specific gravity of two optically pure pieces, 
determined in acetylene tetrabromide and xylol was 2*004 (||>). 
Its hardness is about 2*5. Its refractive index in sodium light is 
T369 ± *001 4 (immersion method in mixtures of acetone and 
methyl butyrate 5 ). Sufficient material for analysis was carefully 
picked out under the microscope. Ammonia was determined by 
distillation with sodium hydroxide. Hydrofluosilicic acid was preci¬ 
pitated as potassium fluosilicate, and in the filtrate sulphate was 
thrown down as barium sulphate and thereafter fluoride as calcium 


fluoride. 

NH 4 .20-43 

SiF®.78-87 

F.0-07 

S0 4 .0*06 

Cl ........ trace 

Moisture ....... 0-30 

rsi0 s . . 0-10 

Insoluble in water . . < 

(Fe, O a . . 0*06 


99-88 

The calculated percentages of NH and SiF, in (NH,), SiF. 
are 20-25 and 79-75. 

1 Most conveniently by F. Emioh’s capillary tube-centrifuge methods, c.f. Milcro- 
chemische* Praktikum . Munich (1924). 

*.4 nn. Chim S4r. 3, LX, (1860), 301. 

'Zeits. /. XXXVTIJ (1904), 149. 

4 H. Topsoe and C. Christiansen (Ktfhtrihaon, Dan#k. Vid. Selsk. JSkr., IX (1873), 
(643) found 1-3696 for the pure salt. 

4 When using **^latile liquids it is convenient to ha vet he substance in a very small 
stoppered bottle with plane faces, such as is used for absorption fcpectrn work. This is 
completely filled with the mixture, so that no change in its concentration can occur 
4nring the determination. 
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The presence of ammonium fluosilicate in a sublimate from the 
eruption of Vesuvius in 1850 was deduced by A. Scacci 1 from an 
analysis of material consisting mainly of ammonium chloride. He 
named the mineral “ criptoalite ” as it was hidden in sal ammoniao. 
The determination was qualitatively confirmed by F. Zambonini, 2 
who Isolated the mineral, showed that it was "isotropic and deter-' 
m ncd its specific gravity (between 1*90 and 2-08). 

The commonest mode of occurrence of ammonium fluosilicate at 
Barari is as irregularly shaped lumps, usually with a mammillary 
surface, white, opaque, with a hardness of about 1. This consists of 
a mixture of the salt with silica. Analysis of picked specimens show¬ 
ed 10-24 per cent, of free silica and 17*98 per cent, of ammonium, 
corresponding fairly closely with the amount (18*17 per cent.) which 
should be present were the remainder of the substance pure ammonium 
fluosilicate. It seems amorphous, but, considering its composition, 
its apparent lack of crystalline structure may be illusory. 

The fluorine of the cryptohalite comes presumably from apatite 
in the mica-peridotite dyke, through which the gases from the burn¬ 
ing coal seam pass. A specimen, kindly supplied by Mr. Bathgate 
from a dyke in the interior of the mine, contained fluorine in abun¬ 
dance. The decomposing agent may be sulphur dioxide (the coal 
contains sulphur and sublimed sulphur accompanies the cryptohalite). 
Fluorite is easily decomposed by sulphur dioxide, apatite with more 
difficulty. Powdered fluor-apatite was heated to about 800°(J in 
the middle of a long platinum tube shaped like a “ churohwaiden ” 
pipe, immediately over the bowl of which was a flask in which water 
circulated. A current of moist sulphur dioxide was passed through 
the tube. In two hours sufficient hydrofluoric acid had been evolved 
to etch distinctly characters written on the waxed bottom of the 
flask. Silicates are of course present in profusion in the dyke, so 
that silicon fluoride would be available for the formation of ammo¬ 
nium fluosilicate from ammonia derived from the coal. Ammonium 
fluosilicate sublimes unchanged and in the presence of a slight excess 

1 Napoli, Acc. Atti, VI (1875), 35-37. Figuics 12 and 1$, attached to this paper, 
illustrating a frequent habit of small crystals of sal ammoniac from the lava of .1868, 
arc rather like the interpenetration twins of crvptnhalite described above (p. 233), and 
Scacci had difficulty in interpreting them as cubit. The sublimates of 1868 are reported 
by him to contain fluorine more frequently than those of 1850. Such cryfit&ls are 
unfortunately absent in tho specimen of sal ammoniac, from the eruption of 1868, in the 
collection of the Geological Survey of India. 

* Napoli, Acs. Atti, Ser. 2, XIV (1910). No. 6, 53-54. 
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of ammonia, might produce the opaque, white nodules of cryptohalite 
and silica which form the greater part of the deposit. 

(NH 4 ) 2 SiF 6 +4NH 3 +2H 2 0-6NII 4 F |-Si(y. 

The isotropic and nearly pure cryptohalite is usually found 
growing out of those impure nodules and has probably been formed 
by recrystallisation from solution in rain. The formation of the 
arborescent isotropic crystals can be successfully imitated by repeated¬ 
ly moistening a nodule and allowing the w’ater to evaporate. 
The uniaxial crystals were probably also formed by recrystallisation 
from aqueous solution. When some of the isotropic material was 
dissolved in water and allowed to recrystallise at 25°C. several small 
uniaxial negative crystals formed round the edges of the dish, the 
rest of the material crystallising with a cubic habit. The two forms 
can crystallise together ; C. Marignac 2 obtained both on evaporating 
a pure solution of ammonium fluosilicate. 


1 According to this equation one might expect a large percentage of ammonium fluoride 
in these nodules (there being over 10 percent, of free silica), vs he rr as the amount of 
fluorine present as fluoride is a small fraction of 1 per cent. The ammonium fluoride, 
however, may have been eliminated at the time of its formation, as it sublimes at a much 
lower temperature than ammonium fluodlir ate. 

* -inn. Chun., S6r. 3, LX flHGO), 301. 
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Remarks on Carter’s Genus conulites-dictyoconoides 
NUTTALL WITH DESCRIPTIONS OF SOME NEW SPECIES 

from the Eocene of North-West India. By 
Major L. M. Davies, R A, FGS. (With Plates 16 
to 20.) 


Introduction. 

in J861 Carter created the genus Conulites 1 to receive ceitaiu 
Foraminileia, sent to him 1 >y 1 )j. Cook 2 from India, which could 
not in his opinion be included in tho genus Orbitolina (d’Orbigny, 
1847). 3 He seems also to have taken it for granted that these 
forms could not be included in Williamson’s genus Patellina (1858), 4 
which had been created to describe certain recent Foraininifera of 
Great Britain. 

In 1862, however, Carpenter collected these three genera into 
one, adopting Williamson’s name Patellina for the whole. 5 In my 
opinion this was unfortunate. It seems to me that the differences 
between these three types are far too great to be thus regarded as 
merely specific, and Carpenter made a mistake in abolishing two of 
the three original genera. Nevertheless, as he still retained the 
original generic distinctions in the form of specific ones, it was at 
least still possible to indicate the structure of new forms by de¬ 
scribing them as 4 ‘ varieties ” of one or another of Carpenter’s three 
“ species 

Later on, however, it was emphasisod that certain forms within 
this broadened “ Patellina ” group had arenaceous or sub-arenace- 


1 44 Further Observations on the Structure of Foraminifem, and on the larger 
Fossilised Forms of Scinde, Ac., including a new Genus and Species,” bv H. J. Carter, 
F.H.S. ( Annals and Magazine of Natural History , 3rd Series, Voi. VIII, pages 309, 
331, 457-458 and PI. XV, fig. 7.) 

* Dr. Cook, of the Bombay Army, had been Medical Officer to the British Agency 
at Kelat. 

■ In his Cours RUmentaire de Palaeontologie, 1851, pages 193-194, d’Orbigny defines 
Orbitolina as 44 Orbitolites k cotes inegaux : l’un, convexe, cncroute, k lignes eoncen* 
triques ; l’autre, concave, non-encroute, montrant des logos nombreuses, par lignes 
obliquos snr le cot©, au pourtour.” Further examination of his geno-syntypes has 
shown that this definition has to bo amplified, as, t,g., was done by Carter. 

4 Ray Society. On the Recent Foraminifem of Great Britain, pages 46*—47, and 
figs. 8(1—89 (reproduced as Fig. 11 below). By Wm. C. Williamson, F.R.S. 

4 Ray Society. Introduction to the Study of the Foraminifem , pages 229—235 Plate 
XIII, figs. 16, 17, and figs. XXXVII and XXXVIII (reproduced as Figs. 12, 10, and 9 
below). By Wm. B. Carpenter, M.D., F.R.S. 
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ous tests, while others were purely calcareous; so as Carpenter 
had already minimised the importance of the structural distinctions 
by reducing them from generic to merely specific grade, the way 
was opened for what appears to be an undue emphasis laid upon 
the chemical composition of the test, to the ignoring of physical 
structure . As things are at present, the essential differences of 
structure, which three distinct genera were originally created to 
express, are often overlooked in favour of the importance attached 
to slight differences in the chemical composition of the tests. 1 Nor 
is this all, for the impossibility of retaining all these types within 
a single genus has led to re-subdivisions of the group being made, 
and we find that old generic names are now apt to reappear in 
impossible connections. Thus Chapman first described certain new 
forms, which he found near Cairo, as “ Patellina aegyptiensis ” ; 2 
but afterwards, apparently because he found them to be sub-arc- 
naceous, he referred to them as “ Conulites aegyjdiensis ” 3 . And 
yet his own photographs of the form 4 show that it can be neither 
the one nor the other (in the original senses of those genera) since 
it has the subdivided cortical chambers found among the Orhitolinae 
alone. 5 6 Chapman’s formal definition of “ Conulites ”, too, would 
actually exclude the very species (cA)oki) which the genus “ Conul¬ 
ites ” was originally created to accommodate.® This seems to bo 


1 Thus Chapman actually puts into entirely different families (Lituolidae and 
Rotaliidae) forms which he admits “represent the same morphological species of 
organism” (The Foraminifera, cf. pp. 05—06 and 135). This seems to be mani¬ 

festly wrong, and it is easier to believe that the coinpositon of the test varied 
in closely allied forms, than that morphologically very similai types should be placed 
far apart- on the mere grounds of the chemical composition of the test. Dr. Pilgrim 
has very kindly drawn my attention to the fact that Ch. Sehlumberger and H. Douvillc 
agree to this, in their paper 44 Sur Deux Foramiriiteres iSoc^nes ” (Bull. Soc ., Gtol. de 
France , 4th Ser,, V, 1905, pp. 291—304). They point out that the composition of the 
test should be treated as a secondary, not a primary character, since it appears to 
vary with the materials available to the organism for the construction of its supporting 
and protecting walls. 

3 Geological Magazine, Decade IV, Vol. VII, 1900, pages 3, 10-14, and Plate II, 
figs. 1—3. 

* The Foraminifera, 1902, p. 157. By F. Chapman, A.L.S., F.R.M.S. 

4 Ibid., p. 275, fig. 36 ; also the figures in the Geological Magazine . In the latter 

(p. 12) Chapman himself noted that aegyptiensis had subdivided cortical chamtiers, 
while cooki had not. 

6 Or Orbitolininae, since I am using the term Orbitolinae throughout my article 
above as representing the sub-family rather than the genus. Chapman’s aegyptiensis 
is now commonly regarded as belonging to Blankenhom’s genus Dictyoconus, which 
belongs to the Orbitolina group. 

• The Foraminifera, p. 156—157. It is strange that he makes the subdivision 
qf its cortical chambers a generic feature of Conulites. Even Carpenter had been im T 
pre«fl*4 by the absence of any such feature in cooki (op. cit., p. 234). 
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manifestly wrong. If a generic name is to be retained, it should 
surely be either in order to express the characters which it was 
originally created to express, or at least to express some other 
characters peculiar to the specimens for which the genus was 
created. The new definition of the gonuB should not exclude its 
own original type-form. 

Finally Zittel (1913) recognises the old genus Orbitolina, whose 
structure he describes very clearly : 1 but he unfortunately makes 
the siliceous composition of the test a feature not only of the genus 
but of the sub-family, and gives no indication as to how T those forms 
are to be placed which exhibit an identical structure in a calcareous 
test. He somcw T hat significantly removes Williamson’s Patettina into 
an entirely different family, 2 but so defines it that it cannot 
possibly continue to include Carter’s Conulites. So, as he apparently 
makes no other provision for the original Conulites , but seems to 
ignore it altogether, members of that type seem to be excluded 
from his system ; or, at least, they find no clearly recognisable 
position in it. 

The trouble seems to be, so far as the genus Conulites is concerned, 
that representatives of it do not appear to be found outside of India 
in the same way that representatives of the other two great genera 
(or families) are ; so that wdnle European geologists are kept con¬ 
stantly alive to the necessity for providing in their classifications 
for Orbitolinae and Patellinae . the distinct existence of Conulites 
has been lost sight of, ever since Carpenter minimised its right to 
separate recognition. Yet the genus is very well represented in 
India, by several species, one of which is found in gieat numbers 
over a .large geographical area. It seems necessary, therefore, that 
students of Indian geology should take serious note of the existence 
of this genus ; and that cannot bo done better than by reviving, 
with slight modification, Carter's original description of it. 


Description of Genus. 

Test calcareous and finely tubulated Form conical, with la?e 
varying from concave to convex. The upper surface shows a sujei- 
ficial skin, thickest in the middle and thinning to the sides, traveled 

1 Palaeontology , Vol. I, 1913, p. 27 and fig. 12. 

* Ibid, p, 33. 
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by short pillars, Below this lies a single layer of large and deep 
cortical chambers, rhomboidal in plan, not subdivided by any 
system of subsidiary partitions, and arranged in a spiral row, with 
generally a number of intercalary rows appearing between the 
whorls of the original one. The umbilical area is filled with small 
secondary chambers, disposed in layers parallel to the base, and 
traversed by numerous vertical pillars analogous to those of the 
superficial skin. 

Thus defined, it is seen that the genus is a very well marked 
one, and easily distinguished from the types, PatelUna and Orbi- 
tolina , with which it has so often been confused, but neither of 
which is adapted to receive it. 1 The following representatives of 
this genus appear on the North-West Frontier of India : 


Conulites kohaticus , n. sp. 

Figs. 1 to 5 (c). 

General Remarks. —This form has now been found by me in greal 
numbers, from the Jowaki border, G miles east of Kohat, to Thai 
60 miles west; in many places (notably Bahadur Khel) betweer 
Kohat and Latambar, 50 miles south ; near Saidgi, 15 miles west 
of Bunnu; and on the Harnai-Spintangi line in Baluchistan ; ir 
other words, over an area more than GO miles broad by 300 deep. 
The actual distribution appears to be even more extensive. Thu* 
Wynne, when describing the beds at Bahadur Khel, 2 says that 
the section there “ contains the large thin rotalinac so characteristic 
of the “ Subathu ” nummulitic bands in the Potwar”; and it 
seems to me (since I kn w the Bahadur Khel section very well) 
that he can only be referring to this form. There is no other there 
that would answer to this description; and he could not have 
failed to notice this (no, which he does not otherwise mention. 

1 In their paper, mentioned in the first note on p. 238, Schlumbcrger and Douvilltf 
show that Carter’s Conulites , as represented by cooki, cannot be affiliated with atgyft- 
iensis. They point out that cooki exhibits affinities both with Assilines and Orbitoides, 
and suggest that the genus Conulites should be studied afresh. That is what 
I have tried to do here, showing how both the structure and the ontogeny of the genus 
indicate its true association with Nummulites an^d Orbitoides. The remarkable thing 
to my mind is that Schlumberger and Douviltf should have anticipated this finding 
on the very little material at their disposal. 

# Menu, Gcol. Surv. lnd. t Vol. XI, Pt. 2, page 139, 



Part 2.] Davies : kemarks on Carter's Genvs Conulites. 


241 


But in that case this form must also be found in Nummulitic rocks 
nearly 100 miles east of Kohat. Besides this, I have found numer¬ 
ous specimens of this identical species in the collections of the 
Geological Survey at Calcutta, which are registered as having been 
found in Lower Sind, at such places as the Dharan Pass, Maliri 
Landi, Ranikot, Trak Hill, Sumbuk Hill, the Habb River, etc. 1 
Thus the form seems to have been collected almost wherever Eocene 
rocks have been found on the N. W-. Frontier, over an area more 
than 160 miles broad by GOO deep. 

Description of Species. — The form is that of a depressed cone, the 
upper surface being convex with central boss, while the lower sur¬ 
face is generally concave. Variations in shape are generally to be 
seen at the outer margin of the test, which is sometimes thin and 
inclined downwards, sometimes thick and recurved upwardb, with 
many gradations in between. 

Both surfaces are granulated. On the upper surface the gianu- 
lations are large, globular, and close-packed in the icgion of the 
central boss, but diminish in size the further the)' are removed 
from it, elongating themselves radially, and assuming a spiral 
arrangement round the centre, following the course of the cortical 
chambers beneath. Finally, towards the outer margin of the test, 
the granulations disappear, and the underlying spiral rows of corti¬ 
cal chambers begin to show' through the upper skin, which there 
becomes very thin. 

This upper skin is often found to be weathered away, especially 
at the margin where thinnest, and the spiral arrangement of the 
underlying chambers is then seen very clearly. This spiral may 
either be right- or left-handed ((/., Figs. 3 and 4). If any one row 
of chambers be traced backwards from the outer margin, it will 
be found that, on completing the whorl, some 8 or more othei rows 
intervene between its two representatives. This shows that, towards 
the end, there are about 9 or 10 rows of chambers moving round 
in a combined group. Carter only figures one such intercalary row 
of chambers appearing in the cortical spire of cwli (cf . Fig. 9), 
and states that even this is exceptional, the spire in that species 
being “ generally single throughout ” ; so kohaticus appears to be 

1 Theae are, respectively, specimens Nos. G.2S0/06: G. 309/99; G. 226/137 ; 
G. 280/59* ; G. 226/139 ; and Habb River No. 4. Other aiiecimcn* of the wane tvj e 
from the same general area are Nob. G. 373/b : G. 280/100 ; and G. 220/127. 1 am in¬ 
debted to Mr. P. N. Mukerjeo for helping me to find thews specimens. 



^4^ Records of the Geological Survey of India. [Vol. LI&. 

very distinct in this respect 1 . The cortical chambers of kohaticus 
are almost square in plan, the septa being only very slightly in¬ 
clined forwards, and spaced at intervals only slightly exceeding 
their own length. There are about 100 chambers to the outer 
whorl in an adult specimen. The primeval chamber appears to 
be spherical, but I have not yet been able to find it clearly exposed, 
nor to detect dimorphism. 

On the lower or concave side of the test the granulations are 
globular, uniform, and close-packed over the whole surface* The 
last chambers of the cortical series are sometimes seen (in the case 
of specimens with narrow and turned-down edges) at the outer 
margin of this surface. 

An axial section of the test [Figs. 5 to 5 ( b )] shows a single layer 
of deep, rather claw-shaped chambers, blunt on top and pointed 
below, underlying the convex upper surface. These chambers are 
covered by the skin, already described, thickest at the central boss 
and thinning to the sides. Passing vertically upwards through 
this skin are a number of small pillars [faintly discernible in Fig. 5 
(a)], the ends of which appear to provide the granulations at the 
upper surface. Below the layer of large cortical chambers, and 
filling the hollow cone formed by the same, is a mass of much smaller 
chambers, apparently disposed in horizontal layers between the 
claw-like points of the cortical chambers. These secondary cham¬ 
bers are traversed by numerous vertical pillars analogous to those 
of the upper surface, but much more distinctly seen owing to their 
greater length, and much more crowded owing to their emergence 
from a concave surface. These pillars are somewhat conical in 
shape, being pointed on top and thickening as they descend; they 
do not always reach the lower surface, but are replaced by others 
if they fail to do so. The granulations on the lower surface of the 
test represent the rounded ends of these pillars as they emerge at 
that surface. 


1 A specimen with worn central boss [Figs. 4 and 4(a)]shows two intercalary rows 
of chambers appearing before the primary row has even completed two whorls ; that 
is to say, within the first Jth part of the radius of the adult test. Owing to the rate at 
which intercalary rows appear, the “ twist M of the primary row rapidly opens out ; so 
that, although the row itself does not widen appreciably in this species (it doeB widen 
in others), there are only about 4 or 6 whorls altogether. Thus, in one specimen examin* 
ed, the first whorl was apparently represented by the first lateral chamber in the ra¬ 
dius, the second by the next 3, the third by the following 10, and the fourth and last 
by the outer 11. It seems from this that new intercalary rows were more freely 
developed in early than in later life. 
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A horizontal section of the test [Fig. 5 (c)] shows the large rec¬ 
tangular chambers of the cortical series in plan, at its outer margin, 
while many small dark circles in its central portion seem to repre¬ 
sent the sections of the vertical columns above described. It will 
be noticed that, whether seen in vertical or cross section, the large 
cortical chambers appear to be simple, without any such system of 
secondary internal partitions as exists in the genus Orbitolina. 1 

Distinction , and Stratigraphic Horizon.^- The above species thus 
possesses all the main characteristics of the original genus Conuliles. 
These, as described or figured by Carter, are (a) Conical shape; 
(b) Superficial granulated skin, thickest at the apex and thinning to 
the sides ; (c) A single layer of large and simple cortical chambers, 
deep in vertical section and rhomboidal in plan, arranged in a spiral 
which is apt to bifurcate, or display intercalary rows ; ( d ) A mass 
of small secondary chambers arranged in layers parallel to the base 
and filling the umbilical part of the test; and ( e ) Numerous vertical 
pillars, pointed on top, which traverse the layers of secondary 
chambers, and form crowded granulations on the surface below. 

It seems, therefore, that kohaticus is generically identifiable with 
Conulitcs cooki ; but a specific identification cannot be so clearly 
established. Thus Carter represents cooki as possessing a relatively 
much higher test, a convex lower surface, relatively much larger 
cortical chambers, and few if any intercalary rows of such chambers. 
I was unable to check matters at Calcutta, since I could find no 
specimens, in the Geological Survey collections there, which were 
certified as identical with Conulitcs cooki. 2 Carter s original speci¬ 
mens of cooki were, according to Chapman, mounted on Slide No. 40 
of the Carter Collection, and to be seen (in 1900) in the Geological 
Society’s Museum. 3 The collections in that Museum have, how¬ 
ever, since been taken over by the British Museum ; so I applied 
to the latter, for direct comparison of my specimens with Carter’s 

1 1 do not state the usual dimensions of this and other species here described, since 
such data can be obtained from the photographs at the end. 

■Specimens in the collections at Calcutta are variously labelled “ Conulites ** or 
4i PatoLlina cooki,” etc., never Conulites cooki. As “ Conulites ” they were apparently 
regarded as distinct from cooki; as 41 PateUinae ” they could not help being attributed 
to cook*, however much or constantly they might differ in details, since the generic 
characters themselves were reduced to specific grade. 

* According to Chapman ( Qeol . Mag., as above, p. 12), the specimens of cooki on 
slide No. 40 were numbered 2 (from Kelat), 3 (from Sind), and 4 (from Arabia). This 
mention of a specimen from Arabia is interesting, as showing that the genuB is not ie- 
e trie ted to India ; but as this is the only allusion I have yet seen ta an extra-Indian 
diaoovery of the type, I will do no more at present than simply draw attention to it. 
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Slide 40. In reply, Dr. W. D. Lang writes as follows: “ I have 
made a thorough search for Carter’s Slide 40 in the Geological Society’s 
Collection, which is now here, and cannot find it. Moreover, Conn - 
lites [ PateUina ] cooki is not mentioned in J. F. Blake’s 4 List of the 
Types and Figured Specimens recognized by C. D. Sherborn in the 
Collection of the Geological Society of London, verified and arranged 
with additions,’ 1902. I suppose, therefore, that the slide was 

missing from the Geological Society’s collection at that date.... 

So I am afraid that the type is lost, and only the figure is left on 

which to found an opinion.” 1 It is possible, of course, that the 

slide may some day be found, but it does not seem very probable 

in view of Dr. Lang’s remarks. So all we have at present, in regard 

to cooki, are Carter’s figures and wiitten description of it; and since 
these all seem to represent a form specifically quite distinct from 
the type here described, we must either regaid the latter as a new 
species, or else impugn, without evidence, Caiter’s description of 
cooki. Assuming, then, that Carter’s details are as accurate as his 
more general observations, I regard my own species as distinct, and 
propose to name it kohaticas , both from the region in which 1 first 
collected it in large numbers, and from the zone, “ Kohat Shale,” 
which it peculiarly characterises. 

That zone is the highest one hitherto identified as belonging to 
the Laki stage, and corresponds to the lower portion of Mr. Pinfold’s 
“ Upper Chharat.” 2 It immediately underlies the “ Nummulite 
Shale,” overlies the Ghazij Shale (or 4 ‘ Lower Chharat ”) and is well 
represented in many places west of the Indus, where it is generally 
found to contain great numbois of kohalicus, undoubtedly in situ. 
The Kohat Shale was apparently a marine shallow water foimation, 
since it contains Corbula , Ostrea, and limbs of crabs, etc. ; and it 
is noticeable that all trace of Conuhtes, seems to disappear in the 
Nummulite Shale above, where the abundant molluscs of the Kohat 
Shale are replaced by Pycnodonta [ Gryyhaea J of. vcbiiularis which 
(i.e., Pycnodonta) indicates, according to H. Douville, deeper water 
than Ostrea . 8 

As I have elsewhere pointed out, 4 there is reason to believe that 
the base of the Indian Khirthar (represented locally by the Num- 

1 Letter of 3/12/1924. 

* Rec. Qiol . Gum. Ind VoL XLIX, Pt. 3, pp. 137—160. 

* Pal. Ind., N. S., Vol. V, Mem. 3, pp. 12—13. 

* “Notes on the Correlation of Pinfold's Chliar&t Series with the Eocene Stages 
of Sind and Europe ” (Trans. Mining and Qeol. Institute of India, Vol. XX, pait 3). 
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mulite Shale) corresponds to the base of the Lutetian in Europe; 
so the Kohat Shale would represent an uppermost Ypresian horizon 
(the Laki, as a whole, representing the middle and upper Ypresian). 

Conulites kohaticus var. spintangiensis , n. var. 

Fig. 6. 

Variations in size and form exist, even at Kohat, between repre¬ 
sentatives of C. kohaticus ; and as one goes south one finds that a 
bigger and flatter form becomes the more normal type. This appear¬ 
ance of flatness is due to the thickening and turning upwards of 
the outer rim of the test. The change is apparent even at Bahadur 
Khel, in beds the exact counterpait of those at Kohat: and it is 
most noticeable of all at Spintangi, where very large foims (some 
up to 2 c.m. in diameter) are to be lound. 

As individuals of the southern type are found at Kohat, however, 
while individuals typical of Kohat are found even at Spintangi, with 
every grade in between at both places, I do not feel justified in 
creating a new T species to define the more southern type, 1 but propose 
to class it as a variety, spintangiensis, of kohaticus . 

Stratigraphic Horizon.— The Spintangi rocks are geneially regarded 
as representing an Upper Khirthar horizon. If that is coireet, then 
Conulites is undoubtedly found in the Upper Khirthar. Personally, 
however, after examining the Harnai-Spintangi area, I am veiy 
doubtful whether the accepted opinion can be right ; I am inclined, 
for reasons which I cannot go into here, to regaid the Spintangi 
rocks as probably just a special facies of the Upper Chharat (*.e., 
uppermost Laki and basal Khirthar). In any case, Conulites there 
appears among much the same associates as in the Kohat Shale, 
and has not y^t been found by me in a deep water formation. 

ConuUtes kohaticus , var. blanfordi , n. var. 

Although many specimens of Conulites are to be seen in the 
collections of the Geological Survey at Calcutta, nearly all of them 
appear to conform either to the true kohaticus type or to its spin¬ 
tangiensis variety. There are, however, a few exceptions to this, 

1 1 call it the 44 southern ” type, since it is the more southern of the ones I have 
myself collected. It is noticeable, though, that the specimens from Lower Sind, still 
further south, often approximate to the normal kohaticus type rather than to the spin- 

tangiensis variety. 

F 
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among which two specimens (numbered G.373/11) seem to represent 
a type sufficiently distinct to be separately described. An internal 

section of one of these specimens, kindly 
made for me by Mr. Tipper, does indeed 
show the closest resemblance to the 
species hohaiicus . The relative sizes of th© 
cortical and secondary chambers are the 
same, as also the number of cortical 
chambers to the radius. There are, however, certain marked 
external differences which, being found in both specimens, appear 
to justify one in regarding them as belonging to a distinct 
variety of the species. Thus the test is relatively very high 
(diam. of base, 10 mm.; height, 3£ to 4 mm.), with distinctly 
pointed apex, straight sides, sharp margin, and slightly concave base. 
A singular feature about these specimens is the apparent absence of 
granulations on their convex surfaces, \vhich are covered with a smooth 
or slightly corrugated skin. This absence of granulations on the 
upper surface might, indeed, be attributed to weathering, for a 
similar absence is occasionally seen on specimens of the normal 
kohaticus ; but since both these specimens show it, while neither 
appears to be otherwise very weathered, it seems more likely that 
a smooth upper skin is a feature of the type. In that case, the 
great height of the test, together with the paucity of granu¬ 
lations on the convex side, may indicate a somewhat abnormal 
degree of specialisation in this variety. 1 I propose that it should 
be named after the well-known geologist who collected these two 
specimens. 

Locality and horizon .—The specimens were collected by Mr. 
W. T. Blanford, in 1882, from the Eocene rocks just west of Mang- 
rotah (Lat. 30° 40' North ; Long. 70° 30' East), where such forms 
are said to be “ numerous.” The exact horizon is not at present 
known. 

Conulites vredenburgi, n. sp. 

Figs. 7 to 7(6). 

Although the vast majority of Conulites that one sees along the 
N.-W. Frontier are clearly identifiable either with kohaticus or with 
its variety spintangiensis , yet I have in one spot found in situ a 


1 The development to the concave tide being even more marked than usual, and 
that to the convex side even more neglected. 
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type of Conulites which does seem to differ specifically from kohaticus. 
It is a relatively small, flat form, with cortical chamteis so large 
in proportion to the test as a whole, as to constitute in my opinion a 
specific difference in type. An adult of this species shows only 
about 15 cortical chambers to the radius, in axial section, as against 
25 to 30 in kohaticus and spintangiensis, so that these chambers 
are altogether larger in proportion to the test as a whole. No 
gradations seem to exist between this type and kohaticus . I give 
sections of one of the largest and least flattened specimens found of 
this species, so that the proportions of its chambers and the shape 
of its test may be compared with the kohaticus type at a point where 
they approach it most closely. The spiie has about 8 intercalaiy 
whorls. 

Locality. —The species appears in certain limestone bands in a 
pocket of Eocene rocks, at a spot (Lat. 30 c 39J' Noith; Long. 
67° 54£' East) near Chrome Mine No. 13G at Hindu Bagh, in Balu¬ 
chistan. 

Horizon .—The existence of this pocket was recorded by Mr. 
Vredenburg some years ago, and its horizon registered by him as 
“ Ghazij Shale.” It is a marine, or estuarine, shallow-water foim- 
ation, gypsiferous, with remains of Ostrea , Ccrithium chapari , Mocha 
dubia , Corbula y Nut tea, etc. 1 As a Ghazij Shale formation, it would 
represent the horizon just below’ the Kohat Shale. I propose to 
name the species after the late Mr. Vredenburg, who first noticed 
this little pocket of Eocene rocks among the sui rounding serpen¬ 
tines. 

Conulites tipper i, n. sp. 

Fig. 8. 

In certain hand specimens of rock matrix, numbered G.280/77 in 
the collections at Calcutta, I found a third species of Conulites , very 
distinct from both of the foregoing. While it exhibits all the charac¬ 
ters of the genus, it is remarkable by reason of its extremely small 
size (3 to 4 mm. diameter), its globular form, and its relatively 

1 Although containing an Eocene fauna, these beds are singularly devoid of aU 
Nummulites, Assiiines and Alveolines. The only other foraminifer which 1 have found 
in them, besides vredenburgi t is a small Orbitoline [s. lat., probably a Dictyoconus ; shown 
in Figs. 13 to 13(6) below], of which both the megaspheric and microspheric forms are 
found ill abundance. Chapman noted a similar strange absence of Nummulites (but 
not of Alveolines) in the beds containing aegypliensis. This suggests that the conditions 
which suited Orbitoline* were inimical to Nummulites ; and so the stunted appearance 
of vrtdtftforpt may represent its adaptation to unfavourable circumstances. 


a 
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enormous cortical chambers which never seem to exceed in number 6 
or 7 at most, to the radius, in axial section. The base is generally al¬ 
most as convex as the upper surface ; and the granulations on it are 
noticeably largest in the middle, instead of being uniform as in the 
other two species. The spire appears to be single throughout, and in¬ 
creases rapidly in she as it nears the periphery ; so that the outermost 
cortical chambers are about half as wide again, and two to three 
times as deep, as the innermost ones. This feature is seen to some 
extent in C. vredenburyi, but it is more noticeable in the species 
now described by reason of the still smaller number of whorls in 
the latter, which renders their increase more noticeably rapid. The 
vertical pillars are well seen, in axial soction, traversing the secondary 
chambers of the lower surface; and analogous pillars are seen, more 
prominent in the centre than to the sides, rising from the cortical 
chambers to the upper surface. 1 propose to name the species after 
Mr. G. H. Tipper, Palaeontologist of the Geological Survey, by 
whom my attention was first drawn to these rock specimens, and 
who has very kindly helped me in working on them. 

Locality. —The specimens wore collected at Petiani, 10 miles west 
of Kotri (or about 11 miles west of Hyderabad, Sind). 

Horizon .—The area round Petiani was mapped by Mr. Vredonburg 
as Alveolina Limestone. The associated foraminifera in these hand 
specimens, being N. ramondi and Assilina granulosa , certainly prove 
the horizon to bo a Laki one ; but the apparent absence of Alvoo- 
lines makes it seem very improbable that those forms could belong 
to the Alveolina Limestone. The rock itself is also a shaley lime¬ 
stone, quite unlike the normal Alveolina Limestone matrix. There 
is, on the other hand, no record of any Eocene rocks, later than the 
Alveolina Limestone being found in the vicinity ; but the presence 
not far to the south, of a large exposure of Meting Shales, makes it 
seem possible that those specimens were collected from some lessor 
northern outcrops of the same, which were too minute to be regis¬ 
tered on Mr. Vredenburg’s small scale map. Thus the species would 
appear to belong either to the middle or (more probably) to the lower 
levels of the Laki. 

Ontogeny, Structure, and Classification of Conulites. 

It seems possible that, in the earliest stages of growth of Conu¬ 
lites , the form is similarly developed on both sides of the equator, 
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without the conical bias to one side which becomes so distinct 
shortly afterwards. This appears to be indicated (1) by the more 
or less horizontal arrangement of the first few cortical chambers, as 
seen in axial section; (2) by the central “ boss ” on the convex 
surface, implying a greater thickness of superficial skin produced 
in the earlier, than in the later, stages of development; (3) by the 
fact that the granulations of the upper surface are at first ( i.e ., in 
the region of the central boss) very similar to those of the lower 
surface, but become progressively fainter in the later stages of 
growth ; and (4) by the fact that the spire has just as often a left- 
handed twist as a right-handed one. 

All those facts seem to suggest that there may be first at no bias to 
either side, but only some want of internal equilibrium which sub¬ 
sequently impels a development to one side or the other. If it were 
loft to some accident of growth to determine to which side the cone 
should be developed, it would be easy to see why the spire should 
be sometimes left and somotimes right-handed, and also why further 
development, of both skin and pillars on the rejected (or convex) side 
should bo curtailed, once the bias was determined to the favoured 
(or concave) side. For the bias to ono side, and the curtailment of 
development to the other, seem to bo correlated. 

It seems best, therefore, from the ontogeny of Conulites as well 
as from the main facts of its structure, to regard it as a very aberrant 
genus allied to some form like Nummulitcs oi Orbitoides which 
exhibits a bi-polar arrangement of secondary chambors on either 
side of an equatorial layer of large ones. Thus the simple but largo 
cortical chambers of Conulites may be compared with the compara¬ 
tively largo equatorial chambors of Nummulitcs ; while the incrusta¬ 
tion on the convex surface of Conulites , together with the umbilical 
chambors on tho concave surface, both traversed by numerous 
conical pillars, might represent the lateral chambers traversed by 
conical pillars of many Nummulitcs and all Orbitoidcs . The calcare¬ 
ous and finely tubulated nature of tho test in Conulites further agrees 
with this proposed association. 1 

It is true, of course, that no olose affinity can be claimed. Thus 
the rhomboidal form of the cortical chambers in Conulites , and their 
spiral arrangement, forbid too close an association with Orbitoides ; 
while the same rhomboidal form of the chambers, and the tendenoy 


1 The tabulation of the test is best seen in Fig. 7 (6) below. 
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to develop numerous intercalary rows of chambers in the spire, 
emphasise its distinction from Nummidites. No doubt Conulites 
should be placod in a position parallel to those great genera, rather 
than in succession to either. Still, it appears to find its most natural 
place in the same family with them ; so I suggest that it should* 
at present, be classed as the type-genus of a new sub-family Conu- 
linidae of Zittel’s family Nummulitidae. 

In conclusion I wish to say how indebted I am to Dr. Pascoe, 
Director of the Geological Survey of India, for many facilities freely 
given to study in the offices, and rofer to the library and collections 
of the Geological Survey in Calcutta ; to Dr. Baini Prashad, Officia¬ 
ting Director of the Zoological Survey of India, and Dr. C. S. Fox 
and Mr. Watkinson of the Geological Survey, who have most kindly 
taken for me all the photographs of micro-sections here produced ; 
to Mr. Tipper and Mr. Lahiri of the Geological Survey, for much 
advice and practical help ; also to many other officers of both Surveys, 
for incidental assistance of all kinds constantly given. 

This paper was written in June 1925, before it was known that anyone else waa 
working on the same genus. Mr. W. L. F. Nuttall of Cambridge has, however, sinoo 
this paper went to press, published a description (if a species from the middle Khirthar 
which he identifies with Carter’s cooki ; and another species from the upper Kanikot, 
which he names conditi. Neither of these species is identifiable with the forms described 
here. Mr. Nuttall points out that Carter’s name for the genus, Conulites, is preoccupied, 
and he substitutes for it the name Dirt yoronoidcs. It should therefore be understood 
that all references to Conulitcx in the text refer to the genus now known as Dictyoconoide* 
(Nuttall). 

For Mr. Nuttall’s papers, see — 

“ Two Species of Eocene Foraminitera from India,” Annals and Magazine of 
Natural History , Her. 9, vol. XVI, pp. 378—388, October 1925. 

“ The larger Foraminifera of the Upper Kanikot Series (Cower Eocene) of Rind, 
India”, Geological Magazine , Vol. J<XITI, pp. 112—121, March 1929. 

For Prof. H. Douville’s remarks on the same, see — 

'* La Forme Conique eliOz les Foraminiieies, ct le genre IHctyoconus Nuttall ”, 
Comte Rendu Sornwatrc de* &>6ancc& de la Sociiti Giologiguc de France t ler 
fovrier 1926, p. 19. 
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Na G. S. I. Reg. No. 

Plato 16 1 397 . Conulites kchaticus. External view of 

unweathered test ; convex surface. 
( x6). 

2 . . 399 . The same specimen; concave surface. 

<X6). 

3 . . 390 . . External view of the upper surface of a 

weathered test, showing rows of cortical 
chambers > ote the right-handed twist 
of the spire. (X 6). 

4 . . 398 . . Another specimen, with central boss 

removed, showing primary whorls. Note 
the left-handed twist of the spire. 
(XG). 

4 (a) . . . . Sketch of primary whorls in above, showing 

2 intercalary rows of chambers. 

Plate 17 6 . . , . Axial section of another specimen, showing 

cortical and umbilical chambcre, with 
pillars traversing the latter. ( x 6). 

6 (a) . 1262 . As in 5, but further enlarged. Note struc¬ 

ture of the central boss, formed by 
thickened Svipra-cortieal skin with travers¬ 
ing pillars. (Xl2). 

6 ( h ) . 1264 . . Another specimen much enlarged to show' 

shape and simple character of cortical 
chambers. Note the conical pillars des¬ 
cending to form granulations on the lower 
surface. (x 30) 

6 (c) . 392 . . Horizontal section of a test. (x24). 

6 . Conulites kohaticus , var. spiniangiensis. 

Axial section. ( x 6). 

7 .... Conuliies vredenburgi , Axial section. 

(X6). 


7 (•) .396 


. The same, further enlarged. (x 13). 
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7 (b) . 3% 


Plate 18 8 . . 510 

9 . . 3412 


10 . 3414 


Plate 19 11 . 3413 


Plate 20 12 . 12C4 


13 


The same, again enlarged. Note the per¬ 
forations of the cortical chamber walls. 
(x30). 


Conulites tipperi. Axial section. (x20). 

Carter s diagram of Covvlies cooki , as re¬ 
produced by Carpenter under the generic 
name “ Patellina .” For comparison with 
the specimens of Conulites figured 
above. 

Carter’s diagram of Orbitolim lenticularis , as 
reproduced by Carpenter unde? the goneric 
name “ Patellina.” For comparison with 
ConvlitcH. Note the subdivisions of the 
cortical ohambers, and absence of pillars 
traversing the secondary chambors. 

Williamson’s diagrams of Patellina corrugata. 
This being the form for which the genus 
Pa'dHna was created, our ideas as to that 
genus must be based upon its characters. 
So note the apparent absence of all supra - 
cortical development of skin or granules ; 
the irregular subdivisions of the cortical 
chambors, and their anangement in semi¬ 
lunar strips ; the confused filling of the 
umbilical cavity, and the total absence of 
all pillars traversing the same. 

Carpenter’s diagrams of recent Australian 
forms also classed by him as PatcUinne , 
although they agai i seom to represen a 
distinct genus. Whatever V e affinitie of 
this type may be, the cyclical arrangement 
of its cortical chambers, thoir great depth, 
and the massed granules in the contro of 
the base of the test, form a combination of 
characters which forbid generic identifier* 
tion with any other type here dis¬ 
cussed. 

An Orbitdine form (Dictyoconue ; mega Iso- 
pheric generation) associated with O. vre* 
denburgi near Hindu Bagh. (x 6), 
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No. G.S.I. Keg. No. 

13 (a) . 394 . . The same, further enlarged, for comparison 

with the Conulites type. Note the sub¬ 
divisions of the cortical chambers, absence 
of supra-cortical fckin, etc., and absence of 
all pillars througk the umbilical region. 
(X30). 

13 ( b ) . 1267 . . Cross section of the same species, for com* 

parison with 5 (c). Note the subdivisioi s 
oi the cortical chambers, and their cyclical 
instead of spiral disposition as shown by 
the appearance of only one whorl in this 
section. (x 30). 
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[—INTRODUCTION. 

T HE method of classification adopted in the first Review of Mineral 
Production published in these Records (Vol. XXXII), 
although admittedly not entirely satisfactory, is still the best that 
can be devised under present conditions. As the methods of 
collecting the returns become more precise and the machinery 
employed for the purpose more efficient, the number of minerals 
included in Class I—for which approximately trustworthy annual 
returns are available—increases, and it i^ hoped that the minerals 
of Class II—for which regularly recurring and full particulars cannot 
be procured—will in time be reduced to a very small number. In 
the case of minerals still exploited chiefly by primitive Indian 
methods, and thus forming the basis of an industry carried on 
by a large number of persons, each working independently and on 
a very small scale, the collection of reliable statistics is impossible, 
but the total error from year to year is not improbably approxi 
mately constant and the figures obtained may be accepted as a 
fairly reliable index to the general trend of the industry. In the 
case of gold, the small indigenous alluvial industry contributes such 
an insignificant portion to the total outturn that any error from 
this source may be regarded a? negligible. 

The average value of the Indian rupee during the year 1925 
was Is. 6sVd.; the highest value .reached was Ls\ 0jVrf., and the lowest 
Is. 5y#d. The values shown in tabic 1 and all following tables of 
the present Review are given on the basis of Is. to the rupee 
for 1924 and Is. Q^d. to the rupee f r 1925, the latter value being 
taken for ease of calculation as equivalent to Rs. 13*3 to £1, instead 
cf Rs. 13-310. 

From Table 1 it will be seen that there has been an apparent 
decrease of nearly £1,121,000 or about 3*9 per cent, in the value 
of the total production over that of 1924. This decrease is mini¬ 
mised by a slight increase in the average exchange value of the 
rupee. An increase or decrease in value does not always corres¬ 
pond to a similar variation in output, and cannot, therefore, be 
regarded as an infallible indication of the state of an industry. 

The number of mineral concessions granted during the year 
amounted to 859 against 769 in the preceding year; of these one 
was an e^plo ing license, 737 were prospecting licenses and 131 were 
mining leases. 
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Table 1 . — Total Value of Minerals for which returns of production 
are available for the years 1924 and 1925. 



1924 
(« - 
Rs. 13-9). 

1925 
(£1 - 
Rs. 13-3) 

Inpreaso. 

Decrease 

Variation 
por cont. 

Coal .... 

(a)10,766,433 

9,503,828 


1,202,605 

—11*7 

Petroleum . 

7,559.233 

7,740,727 

181,494 

-f 2*4 

Manganese ( b) 

2,719,949 

2,617,220 

102,729 

—3-8 

Gold .... 

1,827,433 

1,673,501 


153,932 

—8*4 

Lead and lead ore 

1,694,679 

1,666,726 


27,953 

—10 

Building materials 

733,117 

853,851 

120,734 

+ 16-5 

Mica (c) 

679,796 

799,483 

119,087 


4-17*6 

Silver 

810,869 

705,503 

105,300 

—12*9 

Salt .... 

700,717 

574,628 


126.089 

—18 0 

Jron-ore 

279,610 

336,775 

57,165 


4 20-5 

Tin and tin ore . 

(«) 208.179 

207,931 

59,752 


J 28*7 

Copper-matte 

114,714 

262,297 

147,583 


4-128*6 

Zinc ore (c) 

83,486 

156,375 

72,889 


4 87 3 

Saltpetre (c) 

201,382 

147,617 


53,765 

26 7 

Chromite . 

42,259 

40,171 


2,088 

—4*9 

Tungsten ore 

24,559 

33,975 

9,416 

4 38-2 

Magnosito . 

21,088 

31,179 

10,091 


4-47*» 

Ruby, Sapphire 
and Spinel. 

34,773 

27,454 


7,319 

-21*0 

Clays 

25,178 

21,795 


3,383 

—13 4 

Jadeito (c) . 

50,849 

12.237 


38.612 

« —75*9 

Steatite 

4,977 

9,750 

4,773 


l 95 9 

Rau xi to 

13,531 , 

6,320 

7,211 

— 53*3 

Monazito 

9,301 



9,301 

-100*0 

Gypsum 

5.527 

5,810 

283 

1 \ 5-0 

Zircon 

2,717 

4,608 

1,891 


4-69*6 

Kyanito 

242 

3,022 

2,780 


• • 

Ochre 

4,800 

1 2,784 


2,016 

—42*0 

Alum 

1,359 

1,718 

359 


4-26*4 

Fuller’s oarth 

1,153 

1,615 

462 


f 40*0 

Barytes 

2,255 

1,328 


927 

— 41 *1 

Diamonds . 

1,985 

1,098 


887 

- 44*7 

Apatite 

4,892 

850 


4.042 

- S2*6 

Amber 

1,101 

710 


391 

—35 5 

Ilmenite 

1,381 

492 


889 

—64*3 

Asbestos 

1,354 

361 


993 

-73*3 

Soda .... 

96 

171 

75 


—78*1 

Antimony . 

,, 

26 

26 



Oil shale 

.. 

15 

15 


,. 

Sei pen tine . 

5 

$ 

3 


—60*0 

Copperas 


1 

1 


• 

Bismuth oro 

17 



17 


Total 

28,634,996 

27,513,960 

789,479 

"- 7 ,: 

1.910,616 

-1* 


(a) Revised, (6) Value f t o.b (r) Export vatuea 
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II.—MINERALS OF OROUP I. 

Chromite. Iron. Manganese. Ruby, Sapphire Silver. 

Coal. Jadeite. Mica. and Spinel Tin. 

Copper. Lead. Monazito. Salt. Tungsten. 

Diamonds. Magnesite. Petroleum. Saltpetre. Zinc. 

Gold. 

Chromite. 

There was again a decrease in the production of chromite in India 
during 1925, amounting to 8,010 tons. For the greater part of this 
decrease the Zhob valley deposits were responsible. The total 
exports from India during the year amounted to 48,323 tons and ex¬ 
ceeded the production; the latter was evidently supplemented 
from stocks accumulated in 1924. Chromite exported from the 
ports in British India amounted to 36,157 tons against 30,089 tons 
in 1924. Chromite mined in British India is also exported from the 
port of Mormugao in Portuguese India; the quantity exported 
during 1924 and 1925 was 1,699 tons and 12,166 tons respectively. 

Table 2.— Quantity and value of Chromite produced in India during 

1924 and 1925. 


Coal. 

There was a decrease during the year of about 270,000 tons, or 
about 1*3 per cent., in the output of coal. This decrease was due 
ch efly to Bihar and Orissa and Bengal, partly to Central India 
and Assam, and to a small extent to Baluchistan and the Punjab. 
The production in the Central Provinces and Hyderabad shewed 
a substantial improvement, and that of Rajputana increased over 
6,000 tops. The decrease in Bengal was from the Raniganj field, 


1925. 


Quantity. 

Value. 

(£ 1 13*3) 

Tons. 

10 

18,18b 

Ito. 

150 
2,<5,121 

£ 

11 

19,934 

3,038 

69,274 

5,208 

8,662 

1,900 

5,654 

82,896 

15,200 

1,01,639 

6,233 

1,143 

7,642 

37,452 
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and in Bihar and Orissa mostly from the Jharia field ; there was a 
substantial rise in the output from Bokaro which now produces 
over 7 per cent, of the Indian total. Giridih also increased her rais¬ 
ings by some 18,000 tons, while Jainti and Rampur continued 
to decline. An initial production from Karanpura of 13,354 tons 
is worthy of note. In Central India, Sohagpur failed to 
continue its rapid upward tendency and shewed a decline of some 
15,000 tons. In the Central Provinces there were substantial in¬ 
creases in the cases of Ballarpur and Pench Valley, and a reduction 
in the case of Mohpani. For the increase in Hyderabad, Singareni 
was mainly responsible, but the Sasti field contributed an additional 
13,000 tons. Amongst the Tertiary fields of Assam, Makum and, to 
a less extent, the Naga Hills were responsible for a deficit. In 
Baluchistan the Khost field continued to decline. The output 
from the Jhelum district of the Punjab declined, while the Bikanir 
field of Rajputana shewed improvement. 

The total value of the coal produced in India decreased from 
Rs. 14,96,53,419 (£10,766,433) in 1924 to Rs. 12,64,00,908 (£9.503,828) 
in 1925. 

There was a reduction in the pit’s mouth value per ton of coal in 
all provinces except the Central Provinces (the figure for Burma is 
not available) ; this fall in value was severe in all cases except) in Assam 
and Rajputana, where it amounted only to Rs. 0-2-10 and Rs. 0-2-2 
respectively. In the two great coal provinces, Bihar and Orissa 
and Bengal, the price dropped Rs. 1-0-6 and Rs. 1-4-5 respectively. 
In Central India it fell Rs. 1-3-8 ; in the Punjab the fall was 
Rs. 0-8-0. The maximum fall, Rs. 2-13-5, was in Baluchistan, where, 
however, conditions are abnormal and coal supplies small. 


Table 3. —Average price {per tort) of Coal extracted fro?n the Mines in 
each Province during the gears 1924 and 1925 . 


- - 





1924. 

1925. 


Assam 





Its. A. P. 

8 12 11 

Rs. A. 
8 10 

P. 

1 

Baluchistan 





15 14 2 

13 0 

9 

Bengal .... 





8 0 11 

6 12 

6 

Bihar and Orissa 





6 11 9 

5 11 

3 

Burma .... 





30 .0 0 

(«r 


Central India . 





5 12 11 

4 9 

3 

Central Provinces 





6 1 5 

6 3 

2 

Punjab .... 





8 11 5 

8 3 

5 

Rajputana 



m J mmm 

mmmm 

7 14 

6 15 

2 


(a) Not available. 
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Table 4. — Origin of Indian Coal raised during 1924 and 1925 . 


— 

Average of 
last five 
years. 

1924. 

1 

1925. 


Tons. 

Tons. 

Tons. 

Gondwana Coalfields 

18,960,913 

(a) 20,696,338 ' 

20,447,898 

Tertiary Coalfields .... 

460,560 

_ 

477,946 

456,479 

Total 

i 

19,421,463 

21,174,284 

29,904,377 


(a) Revised. 


Table 5* —Provincial Production of Cool during the years 1924 and 

1925. 


Province. 

1924. 

1925. 

Increase. 

JVerease. 


Tons. 

Tons. 

Tons. 

Tons. 

Assam .... 

334,842 

318,842 


16,000 

Baluchistan .... 

40,557 

34,797 


5.700 

Bengal..... 

5,031,656 

4,913,852 


117,803 

Bihar and Orissa . 

(a)14,105,529 

13,938,509 


107,020 

Burma..... 

255 

25 


230 

Central India 

235,298 

219,106 


16,192 

Central Provinces . 

679,081 

708,554 

29,473 


Hyderabad .... 

644,775 

667,877 

23,102 

•• 

Punjab .... 

80,422 

74,662 


5,760 

Rajputana .... 

21,870 

28,153 

6,283 

•• 

Total 

2*,174,284 

20,904,377 

58,858 

328,766 


(a) Revised. 
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Table 6. — Output of Gondwam Coalfields for the years 1924 and 1925. 



1924. 

1925. 

Coalfields. 

Tons. 

Per cent, of 
Indian Total 

Tons. j 

Per cent, of 
ndian Total. 

Bengal , Bihar and Orissa — 
Bokaro .... 

1,343,600 

6-34 

1,494,966 

715 

Daltonganj 

4,691 

ma 

17,274 

•08 

Giridih .... 

768,690 

3 63 

780,042 

3-76 

Jainti .... 

78,547 

0*38 

76,680 

•37 

Jharia .... 

10,845,642 

51-22 

10,676,883 

5108 

Karanpura 


• • 

13,354 

•07 

liajmahal Hills 

.. 


1,653 

•01 

Ramgarh 

6,905 

0-03 

2,548 

•01 

Rainpur (Raigarh-Ringir) 

49,445 

023 

45,410 

•22 

Raniganj 

6,035,347 

28-51 

6,729,686 

27-42 

Talchir 

3,417 

0-03 

7,265 

•04 

Central India — 

J8ohagpur 

131,174 j 

0-62 

116,170 

•55 

Vniaria 

104,124 1 

0-49 

102,936 ] 

' -49 

Central Provinces — 

Bnlloipur 

127,545 

0-60 

150,490 

•72 

Roshangahatl 

3 

•• 

•• 

•• 

Mohpani 

76,526 

0-36 

70.039 

•34 

lknch Valley 

473,896 

2-24 

485,768 

2-30 

Shahpur 

1,111 


1.119 

•01 

Yeotnial 

• • 


1,138 

•01 

Hyderabad — 

Sasti . 

25,050 

0-12 

38,153 

•18 

Sing&icni 

619,725 

2-93 

629,724 

3-01 

Total 

(o)20,696,33^ 

\ 97 75 

l 

20,447,696 

j *7-82 


(a) Revised. 
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Table 7. —Output of Tertiary Coalfields for the years 1924 and 1925. 




1924 

1925. 



Tons. 

Per cent, of 
Indian Total. 

Tons. 

Per cent of 
Indian Total. 

Assam — 

Khasi and Jaintia Hills . 
Makum 

Naga Hills 

280 

274,479 

60,083 

j- 1-68 

845 

252,959 1 
55,038 

1-52 

Baluchistan — 

Khost 

Sor Range, Kalat, Mach . 

25,678 

14,87fr 

j 019 

17,085 

17,712 

| 0-17 

Burma — 

Kamapying (Mergui) 
Southern Shan States 

255 

0-00 

'(o)25 

” 0*00 

Punjab — 

Jhelum . 
Mianwali 
Shahpur 


52,942 

18,787 

I 8,693 

\ 0-38 

1 J 

49,309 

18,341 

6,962 

\ 0-36 

Rajputana — 
Bikanir 

• • • 

21,870 

010 

28,153 

013 


Total 

477,946 

2*25 

4U.479 

2-18 


(a) J>espatchod to England for analysis. 


The export statistics for coal during 1926 again shew an increase 
amounting to some 10,000 tons, the total exports of coal and coke 
rising from 206,483 to 216,370 tons, 838 tons of the latter being 
coke (see Table 8). The imports also rose from 463,716 to 
483,160 tons, the increase of about 19,400 tons being restricted to 
coal (see Table 9). As before the exports were mainly to Ceylon. 
The bulk of the imports still come from S. Africa though this 
figure is very much less than it was in the years 1921, 1922 and 1923; 
it, however, was some 11,100 tons greater than the figure for the 
previous year 1924. The imports from Portuguese East Africa fell 
to almost precisely the same extent as those from the Union of 
S. Africa rose. As in 1924 Portuguese East Africa still ranks 
Becond in the list of countries supplying India with coal, while the 
United' Kingdom still comes third: imports from the latter rose to 
the extent of about 22,100 tons more than the figure for 1924. 
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Table 8. — Exports of Indian Coal and Coke during the years 1924 

and 1925. 



1924. 

1925. 


Quantity 

Value (£1- 

■ H*. 13-9). 

Quantity. 

Value (£1- 

K* 13 *3*. 

To— 

Toiw. 

R* 

£ 

Ton*!. 

K«. 

£ 

Ceylon 

Straits Settlements (imlud* 

178,419 

17,638 

29,01,638 
2,09,345 

208,751 

21,536 

194,189 

19,034 

28,65,560 

3,27,218 

215,456 

24,603 

lng Labuan). 


Other Countries 

9,461 

1,89,046 

13,600 

2,309 

38,384 

2,886 

Total 

20 *,518 

33,90,029 

213,887 

215,532 

32,81,162 

242,945 

Coke .... 


29,069 

2,091 

838 

21,329 

1,603 

Total of Coal and Coke 

| 200.483 

44 , 10,098 

‘ 445,078 

218,870 

{ 4 , 54,491 

214,548 


Table 9. —Imports of Coal and Gokc during the years 1924 and 1925 . 




1924. 



1925. 



Quantity. 

Value (£l«=lts 13 9). 

Quant ity. 

Value (£1»: 

R«. 13-3) 

From— 

Tons 

Its 

£ 

Tons 

Ks. 

1 £ 

Australia uwl Neu 
Zeala nd 

21,803 

7,40,279 

53,257 

7,495 

2,34,485 

17,630 

Portuguese Bast Africa 

141,537 

35,74,357 

257,148 

130,312 

29,36,146 

220,763 

Union of Smith Afri< a 

172,473 

41,79,946 

300,716 

183,582 

42,22,505 

317,482 

United Kingdom 

89,78 5 

31,11,064 

223,817 

111,898 

29,65,309 

222,956 

Other Countries 

5,319 

1,40,981 

10.14 3 

17,053 

3,97,402 

29,879 

Total 

430,91 7 

1,17,46,627 

845,081 

450,340 

1,07,55,847 


Coke .... 

32,799 

13,10,628 

94,721 

32,820 

10,41,218 

78,287 

Total of Coal and Coke 

463,716 

/, { 0 , 03 , 4 5 J 

930,804 

483,160 

1 , 17 , 97,065 

686,997 


The average number of persons employed in the coalfields during 
the year shewed an appreciable decrease in excess of that required to 
account for the reduced production. The average output per person 
employed, therefore, showed an advance on the previous year, 
the figure of 103*7 tons for 1924 rising to 110*5 tons for 1925 ; this 
is not far short of the figure for 1919 which was 111*05 tons. There 
was again a gratifying reduction in the number of deaths by acci¬ 
dent ; these amounted to 202, a considerable improvement on the 
annual average for the quinquennium 1919-23 which was 274, and 
not due to smaller production. There was also a reduction in the 
death-iate which again fell from 134 per thousand persons employed 
in 1924 to 1*07 for 1925; the figure for 1923 was 1*81. 
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Table 10. —Average number of Persons Employed daily in the Indian 
Coalfields during the years 1924 and 1925 . 



Number of persons 
employed daily. 

Output 
per person 
employed 
in tonB. 

Number 
of deaths 
by acci¬ 
dent 

Death-rate 
per 1,000 
persons 
employed. 




Assam .... 

4,464 

4,199 

75-9 

8 

1-9 

Baluchistan 

1,108 

951 

36-6 

1 

M 

Bengal .... 

43.621 

42,781 

114-9 

40 

0-9 

Bihar and Ons$a 

(0)128,623 

114,934 

121-3 

126 

M 

Burma .... 

23 

19 

1-3 

., 

., 

Central India 

3,157 

2,759 

79-4 

1 

0-4 

Central Provinces 

8,126 

9,174 

77-2 

9 


Hyderabad 

13,590 

12,701 

52-6 

15 

12 

Punjab .... 

1,575 

1,579 

47-3 

2 

13 

Kajputana 

120 

165 

170-6 


•• 

Total 

204,306 

189,262 

•• 

202 

•• 

Average 

•• 


110-5 

i 

1-07 


(«) Ke\ised. 


Copper. 

The suspension of the operations of the Cape Copper (o. in 
1923, recorded previously, continued during 1925. In the Review 
for 1923, references were made to the results of the prospecting 
operations of the Cordoba Copper Co. on the Singhbhum Copper 
Belt. In 1924 this company was reconstructed as the Indian Copper 
Corporation, Ltd., with a capital of £225,000. This new company 
acquired not only the properties of the Cordoba Copper Co., but also 
those of the North Anantapur Gold Mines, Ltd., lying immediately 
to the north, and the property in Kharsawan prospected by the 
Ooregum Gold Mining Company of India, Ltd. 

All work is at present being concentrated upon the Mosaboni area 
where a vertical depth of 385 feet has been reached and where 
471,500 tons of ore of the average contents of 18,328*73 tons of 
copper had been developed by the end of December 1925. The 
erection of concentrating and smelting plant is shortl) being started, 
and the production stage should soon be reached. 

In Burma the production of 2,935 tons of copper-matte valued 
at Rs. 15,94,527 (£114,714) was reported by the Burma Corporation, 
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Ltd., in the Northern Shan States in 1924. The production rose 
to 8,029 tons valued at Rs. 34,88,552 (£262,297) during the year 
under review. 

Diamonds. 

There was a further decrease in the output of diamonds from 
Central India, which amounted ,to 47*63 carats, valued at Rs. 
14,598 (£1,098), against 66 6 carats, valued at Rs. 27,596 (£1,985) 
in the preceding year. 

Gold. 

The recover made by the gold mines in the Anantapur district 
of Madras in 1924 was unfortunately a temporary one only, for 
both the North Anantapur Gold Mines, Ltd. and the Jubital Gold 
Mines Ltd., have now suspended mining operations. The small 
output shown against Madras represents the amount recovered by 
cyanide treatment of m 11 tailings which have now been exhausted. 

In spite of an increase of 935 oz. from the Kolar mines of Mysore, 
therefore, there was a total decrease in the Indian output amounting 
to 2,476 oz. In the Ooregum mine of the Kolar field which in 
August of this year had reached a depth of 6,379 feet, rock-bursts 
continue to give trouble, but recent development work has 
proved the rich nature of the lower levels of the mine down to the 
deepest point yet explored. An increase in the ore reserves of the 
Champion Reef mine has also been established ; this mine, which 
has now readied a depth of 6,472 feet, also suffers from rock-bursts. 


Table 11. — Quantity and value of Gold produced in India during the 

years 1924 and 1925 . 




1924. 

1 


192 5. 




Quantity. 

Value 

(£1-Rs. 13 9). 

Quantity. 

Valuo 1 

(£1-Bs. 13*3). 

Labour. 

Burma— 

Jfatha 

Oz. 

JK 

1,441 

£ 

104 

| Oz. 

19*7 

K.m 

1,265 

£ 

95 

30 

Upper Cliludwin 

43 22 

3,194 

230 

i 13 4 

1,280 

97 

99 

Madras — 





16,517 

1,242 


Anantapur 


2,38,605 

17,160 

(a)288 0 

193 

Myeore 

2,51,54,948 

1,809,708 

(fl)393,512‘8 

2,22,30,295 

1,071,901 

19,347 

Punjab 

57-87 

2,978 

214 

37-4 

1,974 


63 

Untied Province f 

2-25 

150 

11 

| 3-8 

225 

■a 

14 

Total . . 

896 8IT10 


l 9 S27,43.i 

393,875* 1 

\2l\57 t 562 


19.786 


(a) Fine gold. 
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Iron. 

As previously shewn the production of iron ore in India shewed 
an increase of 28*6 per cent, in 1923, and an increase of 76 per cent, 
in 1924; in 1925 there was an increase over the previous year of 
6 8 per cent., amounting to 99,265 tons. The figure shewn against 
the Mayurbhanj State in Table 12 represents the production by the, 
Tata Iron and Steel Company, Ltd., whilst of that recorded against 
Singbhum 227,722 tons were produced by the Indian Iron and Steel 
Company from their mines at Gua and the balance of 249,858 tons 
by the Bengal Iron Company.. 


Table 12.— Quantity and value of Iron-ore produced in India during 


the years 1924 and 1925. 




1924. 

t 

1925. 


Quantity. 

Value 

(£1-B,s. 13 9). 

Quantity. 

Value 

(£1»R#. 13 3). 


Tons. 

Rs. 

£ 

Toils. 

Its. 


Bihar and Orissa — 

Mayurbhanj . 

Sambalpnr 

Singhbhum . 

996,920 

654 

305,238 

24,92,300 
4,578 
7,39, G19 

179,302 

330 

53,210 

957,275 

703 

477,580 

28,71,825 

4,920 

12,36,840 

216,927 

870 

12,996 

Burma — 

Mandalay 

Northern Shan States 
Central Provinces . 

Mysore 

Other Provinces and States 

328 

58,686 

68,301 

14,958 

108 

(a)l ,312 
(a)2,34,744 
3,73,702 
39,324 
1,001 

94 

16,888 

26,885 

2,829 

72 

1,013 
50,604 
1,037 
• r 6,218 
148 

(a) 4,052 
(a)2,02,416 
4,182 
1,51,010 
866 

305 

15,219 

314 

11,579 

66 

Total 

1,445,318 

38,86,580 

379,610 

1,544,578 

44,79,101 

336,77 J 


(a) Estimated. 


Although the quantity of ore raised by Messrs. The Tata Iron 
and Steel Co. was 39,645 tons less in 1925 than it was in the previous 
year, the output of refined products at the Jamshedpur works shewed 
substantial increases in the case of pig iron and steel (including steel 
rails); the former rose from 540,140 tons in 1924 to 563,160 tons in 
1925 and the latter from 218,472 tons in 1924 to 309,938 tons in 1925. 
Between the same periods there was a decrease in their production 
of ferro-manganese from 8,951 tons to 6,527 tons. The produc¬ 
tion of the Bengal Iron Co., Ltd., fell from 147,733 tons of pig-iron 
in 1924 to 52,674 tons in 1925, and from 27,045 tons of iron «u>t ingn 
in 1924 to 5,911 tons in 1925 ; these deficiencies were in part compen- 
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sated by an output of sleepers and pipes during the year under 
review amounting to 29,327 tons. The Indian Iron and Steel Co., 
Ltd., again increased their production of pig-iron from 168,249 
tons in 1924 to 247,500 tons in 1925. Neither the Bengal Iron Com¬ 
pany nor the Indian Iron and Steel Company produced any ferro¬ 
manganese. 

The Mysore Iron Works commenced producing pig-iron in 1923 
when the quantity manufactured amounted to 9,732 tons; in the 
next year the figure rose to 16,425 tons and during 1925 was 16,741 
tons. 

In 1925 211 indigenous furnaces were at work in the Central 
Provinces and Berar for the purpose of smelting iron ore, as compared 
with 229 in 1924 ; 103 of these were operating in the Bilaspur district, 
68 in Raipur, 35 in Mandl.i, 4 in Saugor and 1 in Jubbulpore. 

The output of iron ore in Burma is by the Burma Corporation, 
Limited, and is used as a flux in lead-smelting. 

The total production of pig-iron in India again rose, therefore, 
irom 872,547 tons in 1924 to 880,075 tons in 1925. Some of it 
was employed at Jamshedpur in the manufacture of steel, but a 
large proportion, as in past years, was exported. Table 13 will 
Bhew that exports increased to the extent of 40,663 tons, the United 
States, Germany and China being mainly responsible. It is inter- 
< sting to note that the export value, which had fallen from Rs. 69’8 
(£4*65) per ton in 1923-24 to Rs. G6 5 (£4 57) per ton in 1924-25, 
skewed a still greater fall in 1925-26 to Rs. 45*7 (£3*44) per ton. 


Table VS.—Exports of Pig-iron fiom India daring 1924-25 and 

1925<6. 



1924-25. 

1925-26. 


Quantity. 

Value 

(£1«R*. 13 9). 

Quantity. 

Value 

(£1 «Rg. 13*C). 

To¬ 
llol ted Kingdom 
Germany . 

Italy .... 
China including Hong¬ 
kong. 

Japan 

United State* of America 
Australia 

Hew Zealand 

Other Countries . 

Tons. 

LI 9,024 
,1,620 
,4,662 
.2,905 

1171,665 

1.133,761 

201 

3,987 

3,611 

Rs. 

13,20,82.1 

67,751 

3,13,708 

1,70,849 

1,16,01,074 

77,71,463 

13,052 

2,69,269 

2,47,705 

£ 

95,023 

4,874 

22,569 

12,723 

827,416 

559,098 

940 

19,372 

17,820 

Tons. 

20,178 

11,288 

4,225 

11,214 

168,188 
156,064 
401 1 
3,271 
7,160 

Rs. 

9,33,916 

5,24,509 

1,97,487 

5,11,684 

76,57,025 

72,18,036 

18,519 

1,53,984 

3,36,044 

£ 

70,219 

39,437 

14,849 

38,472 

576,716 

542,709 

1,393 

11,578 

25,191 

Total 

t*4LS»6 

2,16,81,694 

1,569,834 

881MS 

IJWOpOi 

3,319,664 
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The Steel Industry (Protection) Act was passed in 1924 and 
authorised, to companies employing Indians, bounties, which were 
granted upon rails and fishplates wholly manufactured in British 
India from material wholly or mainly produced from Indian iron 
ore and complying with specifications approved by the Railway 
Board, and upon iron or steel railway wagons a substantial portion 
of the component parts of which had been manufactured in British 
India. This Act will expire on the 31st March 1927, but the question 
of the extension of protection is under the consideration of the Tariff 
Board. 


Jadeite. 

The fall in the output of Jadeite which commenced after the 
year 1922 has persisted, and the output, which in 1924 amounted to 
2,630*4 cwts. valued at Rs. 8,60,493 (£61,906), decreased to 1,696*5 
cwts. valued at Rs. 2,67,148 (£20,086) in 1925. The marked fall 
in the price was due to the outbreak of civil war in China which is the 
only important market for jadestone exported from Burma. The 
output figures are always incomplete and a more coriect idea of 
the extent of the Burmese Jadeite industry is usually obtainable 
from the export figures. Exports by sea fell from 2,766 cwts. valued 
at Rs. 7,06,800 (£50,849) in 1924-25 to 972 cwts. valued at 
Rs. 1,62,751 (£12,237) in 1925-26. Exports from Burma by land in 
1924-25 amounted to 212 cwts; those for 1925-26 are not known as 
the registration of the Land Frontier Trade of Burma has been dis¬ 
continued. 


Lead. 

Although there was a further increase of 33,600 tons in the pro¬ 
duction of lead-ore at the Bawdwin mines of Burma the total amount 
of metal extracted decreased from 50,559 tons of lead and 1,200 
tons of antimonial lead, valued at Rs. 2,35,07,040 (£1,691,154) 

in 1924 to 46,175 tons of lead and 1,100 tons of antimonial lead, 
valued at Rs. 2,21,07,128 (£1,662,190) in 1925. The quantity of 
silver extracted from Bawdwin ores also decreased from 5,287,711 
oz. valued at Rs. 1,12,26,868 (£807,688) to 4,831,548 oz. valued at 
Rs. 93,36,580 (£701,998). The value, however, of the lead extr: cted 
increased slightly from Rs. 469 (£33*0) per ton in 1924 to Rs. 462 
(£34‘7) per ton in the year under review and that of silver decreased 
from Rs, 2-1-1 li (36*6 d.) to Rs. 1-14-11 (34*9<Z.) per oz, 



Table 14. —Production of Lead and Silver ore during 1924 and 1925. 
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Magnesite. 

The magnesite industry in the Salem district of Madras, which 
revived in 1921, continues to flourish. During 1926 there was an 
increase in production of more than 5,000 tons over that of the 
preceding year; the total, 29,620 tons is the highest output yet 
recorded. The mines in Mysore were not worked in 1925. 


Table 15. — Quantity and value of Magnesite -produced in India 
during 1924 and 1925. 




1924. 



192.'). 


— 

Quantity 

Value 

(£1= Ks. 13-9). 

Quantity 

Value 

(£l-=B*. 13-3). 

Mad rat 

Ten* 


£ 

Ton*. 

Rh. 

£ 

Salem . 

24,427 

2,93,124 

21,088 

29,620 

4,14.680 

31,179 

Mvtore 

34 

<«) 




Total 

94,461 

2,93.124 

21,088 

29,620 

4.14.680 

31,179 


(a) Not available. 


Manganese. 

A rise in the output of manganese ore in India is again to be 
recorded, the total for 1924, 803,006 tons valued at £2,719,949 
f. o. b. Indian ports, rising to 839,461 tons valued at £2,617,220, 
f. o. b. Indian ports, during the* year under consideration. The 
figure for output has only once been exceeded previously, viz., in 
1907 when 902,291 tons were raised. It will be noticed that con¬ 
current with a rise in output there was a fall in value, the total 
value for 1925 being £102,729 less than that for 1924. This was 
apparently due to a fall in price. In 1924 first grade ore c. i. f. 
United Kingdom ports fetched an average price of 22'9d. per unit; 
in 1925 this price fell to 21*5d. A fall in price was anticipated in 
view of the agreement between an American group of financiers and 
the Soviet Government for the development on modern lines of 
the manganese ores of the Caucasus. 

In the case of the output from Bihar and Orissa the decreases 
in Gangpur and Singhbhum were balanced by an increase in 
Keonjhar. In the Bombay Presidency the Panch Mahals shew a 
substantial increase and Chhota Udepur shews a small decrease; a 
production from Belgaum, amounting to 3,604 tons, is recorded for 
the first time since 1916. After a break of several years Jhabua 
State ip Central India had resumed production in 1924, and sfyews 
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an increase of nearly 1,000 tons in the year under review. The 
most important Indian manganese areas, viz., those of the Central 
Provinces, exhibit an increase of over 38,000 tons, the decrease in 
Balaghat being more than compensated by increases in the cases 
of Nagpur, Bhandara and Chhindwara. In Madras, Bellary main¬ 
tained its level, while an increase in the Sandur State output more 
than balanced a deficit in Vizagapatam. Mysore shews a fall in 
output due principally to the Shimoga district. 


Table 16 .—Quantity and value of Manganese-ore produced in India 
during 1924 and 1925. 



1924. 

1925. 


Quantity. 

Value 
f. o. b. at 
Indian 
ports. 

Quantity. 

Value 
f. o. b. at 
Indian 
ports. 

Bihar and Orissa — 

Gangpur 

Keonjhar 

Sambalpur , 

Singhbhum 

Tons. 

16,481 

20,803 

797 

£ 

57,134 

64,434 

* *2,704 

Tons. 

9,617 

26,330 

703 

195 

£ 

30,334 

66,264 

2,217 

618 

Bombay — 

Chhota Udepur 

Bel gaum 

Panch Mahala 

10,142 

46,401 

34,631 

160,857 

6,805 

3,604 

52,069 

21,166 

11,368 

164,234 

Central India — 

Jhabua .... 

2,203 

6,299 

3,206 

8,576 

Central Provinces — 

Balaghat 

Bhandara 

Chhindwara . 

Jubbulpore 

Nagpur 

270,161 

74,869 

32,716 

1,860 

204,621 

988,302 

273,896 

119,682 

6,768 

748,206 

262,460 

104,398 

37,109 

1,901 

216,484 

873,740 

347,658 

123,542 

6,329 

720,711 

Madras — 

Bellary .... 
Kumool 

Sandur State . 

Vizagapatam 

6,424 

390 

43,809 

31,811 

11,481 

858 

92,729 

72,636 

5,419 

6 

52,576 

26,909 


Mysore — 

Chitaldrug 

Shimoga 

Tumkur 

1,666 

36,206 

2,817 

3,423 

79,653 

6,197 

2,494 

24,672 

2,614 

5,289 

62,113 

5,544 

Total 

8 

2,719,949 

849,461 

2,617,220 


B 
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The exports of manganese ore, which during 1924 fell to the 
extent of about 100,000 tons, again decreased in 1925 by about 
27,600 tons, as shewn in table 17. There is a steady consump¬ 
tion of manganese ore at the works of the three principal Indian 
iron and steel companies, not only for use in the steel furnaces of 
the Tata Iron & Steel Co., and the manufacture of ferro-manganese, 
but also for addition to the blast-furnace charge in the manufac¬ 
ture of pig-iron. The receipts of manganese ore at the iron and 
steel works during 1925 were 38,242 tons, nearly 11,000 tons more 
than the figure for 1924; the consumption in the industry was 
34,843 tons, slightly less than it was in the previous year. 

Table 18 shews the distribution of the manganese ore exported 
from British Indian ports (excluding the Portuguese port of Mor- 
mugao) during 1924 and 1925, from which it will be seen that 
the amount absorbed by the United States in 1925 dropped to a 
half of what it was in 1924. There was also a continued fall in the 
receipts of the United Kingdom. The marked increase in the 
quantity despatched to Germany is significant. 

Table 17. —Exports of Manganese-ore during 1924 and 1925 , accord¬ 


ing to Ports of Shipment . 


Port. 

1924. 

1026. 

Bombay .... 

Calcutta. 

Madras. 

Mormugao (Portuguese India) . 

• • • 

Tons. 

279,024 

342,067 

36,600 

108,758 

Tons. 

311,825 

264,170 

28,203 

134,653 


Total 

766,449 

788.861 


Table 18 —Exports of Manganese-ore from British Indian Ports 
during the years 1924 and 1925 . 



1924. 

| 1925. 


Quantity. 

Value 

(£1-Ba. 13-9). 

Quantity. 

Value 

(£1-Bs. 13*3). 

To 

United Kingdom 
Germany 

Belgium . . 

France . • 

Italy 

United States of 
America. 

Other Countries 

Tons. 

203,546 

7,300 

189,197 

148,150 

8,242 

98,094 

3,162 

Rh. 

43,27,571 

1,67,186 

50,85,837 

33,92,825 

3,32,688 

31,78,095 

1,15,162 

£ 

311,336 

12,028 

365,888 

244,088 

23,934 

228,640 

8,285 

Tens. 
180,472 
30 258 
175,334 
150,585 
16,875 
49,164 

1,510 

45,09,085 

7,90,650 

47,56,421 

36,93,370 

8,36,808 

13,86,750 

60,187 

£ 

88 <#,029 
69,447 
357,626 
277,697 
62,918 
104,192 

4,525 

Mil 

667,Ml 

1,00,99,004 

1,194,199 

604*166 

1,00,OS, 271 

1,900,404 
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Mica. 

There wap again an increase, amounting to some 5,000 cwts., in 
the declared output of mica in 1925 above that of the previous year. 
As has been frequently pointed out, the output figures are incom¬ 
plete, and a more accurate idea of the size of the industry is to be 
obtained from the export figures. In 1924 the export figures, in 
fact, exceeded the reported production by over 71 per cent., amount¬ 
ing to 70,095 cwts., valued at Rs. 94,49,168 (£679,796) ; in 1925 
the quantity exported—99,699 cwts., valued at Rs. 1,06,33,123 
(£799,483)—was more than double the reported production. The 
average price of the mica exported fell from Rs. 135 (£9 7) per cwt. 
in 1924 to Rs. 107 (£8*J) per cwt. in 1925, a price Rs. 10 more than 
that obtained in 1923. 


Table 19 .—Quantity and value of Mica produced in India during 

1924 and 1925. 



■ 0,4 

1925. 

Quantity. 

Value 

(£I=1U 13-9). 

Quail* it > 

Value 

(£l = Ks. 13-3). 


mm , mm 

lt*>. 

£ 

Cwts. 

R*. 

£ 

Jiihar and Orissa — 

■ 






illuigalpur 

mmsm 

n30 

38 




Uava .... 


2,56.490 

18,453 

3,631 

1,80,811 

13,595 

Hacariltutth 


11.74,000 

84,401 

25.606 

12,67,390 

95,292 

Monghyr 

242 

is,514 

1.332 

973 

37,675 

2,833 

Delhi . 

20 

28 

2 




(JvxUior .... 




120 

3,303 

248 

Madras— 







Xelloru 

10,00 

4,97.307 

35.778 

14.378 

5,91.390 

44,406 

Nilgirls 

305 

50.041 

3.000 

401 

54,614 

4,100 

M ysort — 







Hhshhd .... 




48-5 

2.690 

202 

Mysore 

15-2 

(") 


114 7 

7.390 

556 

Rdfpatana — 







Ajmer-Merwara 

500 

40,749 

3,303 

401 7 

40.920 

3,077 

Shahpura 

354 7 

15,192 

1,093 

310 4 

13,333 

1,003 

Total • j 

40,9079 

20,58.917 

148,123 i 

45,990 3 

21.99,510 

105,3:7 


(a) Not, available. 


Monazite. 

The recovery in the monazite industry of Travancore reported 
in 1924, when the output rose to 622*3 tons, valued at £9,301*5, 
did not, unfortunately, continue. The reported production for 1925 
was 1 cwt. only. During 1921 the figure reached 1,260 tons, valued 
at nearly £31,000. 

Petroleum. 

The world production of petroleum in 1925 exceeded that of 
any previous year, amounting to over 151 J million tons ; of this India 

B 2 
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contributed about 0 8 per cent. As remarked before petroleum 
statistics prove that it is becoming more and more difficult to 
maintain the output of India (including Burma) at the high level 
it reached in 1919 and 1921, when peak productions of well over 
305£ million gallons were reached. During the year under considera¬ 
tion the total production amounted to over 289J million gallons 
against about 294| million gallons in 1924. There is now little 
doubt that this deficit of some 5 million gallons, small as it is 
forms part of the evidence that the inevitable decline has set in, 
and, with possible interruptions, is likely to continue slowly 
and steadily during the present generation, unless a new field of 
importance is discovered. The chances of the latter recede year 
by year as exhaustive geological research continues to prove fruitless. 
A conservative policy rather than one of intensive development seems 
indicated, especially in view of the national importance of this 
mineral asset. Owing to a rise in the average value of the rupee, the 
sterling value of the output for 1925 exceeded that for 1924 by 
£181,494. 

As was to be expected the Yenangyaung field of Upper Burma 
is mainly responsible for the present decrease in output. In 1924 
it succeeded in shewing an increase of nearly 6£ million gallons but 
this temporary arrest in the decline is more than balanced by the 
drop in 1925 of over 21£ million gallons. It is interesting to note 
that of the 160 million gallons produced in Yenangyaung no less 
than 2,433,657 gallons were derived from the old Burmese hand- 
dug wells. It is now seldom that a new well strikes a yield of 
over 100 barrels per initial twenty-four hours. The utilization of the 
shallow oil-sands of this field, which were shut off during the com¬ 
petitive rush for the richer deep sands, continues ; several remunera¬ 
tive wells are now being worked at depths a little above or below 
400 feet, but in spite of the fact that the fall in their yields is un¬ 
expectedly gradual, the effect in delaying the decline of the field 
may be looked upon as almost negligible. The electrification of the 
field, which reached its limit of practicability in 1924, has added 
and is adding an appreciable contribution to the production figure, 
owing to the saving of a considerable quantity of crude oil formerly 
used as fuel beneath rig boilers. Of the nine companies operating 
in this small field the Burmah Oil Company produce about four- 
fifths of the total. Of undrilled portions of the Yenangyaung field 
the northern areas are shewing more promise than the southern. 
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During the year there were 21 outbreaks of fire, from wbich no 
serious loss or damage to life or property resulted. Out of 25 
accidents reported during 1925, 10 were fatal. 

The place of Yenangyaung is being steadily taken by the Singu 
field, which in a few years will undoubtedly usurp the premier posi¬ 
tion so far held by the older field. Singu, the greater part of which 
is in the hands of the Burmah Oil Co., is used to make good the 
deficiencies of Yenangyaung, in order to maintain supplies to the 
refinery. Singu produced 15J million gallons more in 1925 than 
in 1924. Many wells are producing from the 3,000-foot sand and 
initial yields of 500 barrels and over are not uncommon. Steps 
are now being taken to electrify the Singu field. 

The Yenangyat field has now reduced itself to the statue of the 
Thayetmyo field and is outclassed by Minbu. Some deep tests 
are now being sunk in this field in the hope of reviving production. 
A scheme is under consideration by which the sandbank stretching 
southwards from the wells at Lanywa into the river Irrawaddy is 
to be protected by a revetted embankment. This, it is hoped, 
will enable a number of wells to be drilled by the Indo-Burma 
Petroleum Company on the sand-bank. As remarked in the Review 
of Mineral Production for 1920 1 the striking of remunerative sup¬ 
plies of oil at Lanywa makes it almost certain that the river 
Irrawaddy covers oil deposits of commercial size. The sand-bank 
which stretches from Lanywa to Sitpin is a more or less perma¬ 
nent feature, dry during the winter but covered by the floods of 
the rainy season. Large artificial mounds will probably have to be 
built to carry the derricks. Strictly speaking, the area belongs to 
the Singu dome area, but officially it will be looked upon ds part 
of the Yenangyat field. 

Of the other Burma fields, Minbu again shews a decline as also 
does Thayetmyo. The production from the Kindat area of the 
Upper Chindwin which had increased in 1924 fell a little in the year 
under review. The Arakan fields maintained their usual small 
output. 

In Assam prospects are a little brighter. The Badarpur field, 
which had proved to be somewhat below expectations, increased 
its output by over 1 million gallons; further efforts in Lower Assam 
have ra sed hopes of an extension in development. The Digboi 


1 Rec. Oeol t Surv f Ind, VoJ. LIU, p. 117. 
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field in Upper Assam again shewed a marked increase amounting 
to over 4f million gallons; careful geological investigations by the 
Assam Oil Company’s staff arouse expectations of a successful ex¬ 
pansion of this field. 

In the Punjab there is less cause for satisfaction. The output 
from the Khaur field has again dropped, this time to the extent of 
3$ million gallons. The Burmah Oil Company have abandoned 
their test in the Khairpur State after exploring to the greatest 
depth at which any possibility of production was thought possible. 

There was a slight fall in the imports of kerosene. Those from 
the United States were some 9,721,000 gallons less than they were 
in 1924, while the decrease in oil obtained from Georgia was not 
much less. Supplies from Borneo were doubled and there were 
marked increases in the case of Russia, the Straits Settlements, 
Sumatra and other countries. 

The quantity of fuel oil imported into India during 1925 was, 
as Table 22 will shew, some 2J million gallons less than that 
received during the previous year. As before something like four- 
fifths of the supply is derived from Persia, and the greater part of 
the rest comes from Borneo. 

The export of paraffin wax increased to the extent of 2,176 tons 
during 1925 (see Table 23). 


Table 20.— Quantity and value of Petroleum produced in India 

during 1924 and 1925. 



1924. | 

1925. 


Quantity. 

Value 

(£1 — Hs. 13*9). 

Quantity. 

Value. 

(£1 = B-s. 13-3). 

A**am — 

Badarpur 

Dtgboi . 

OaK 

3,277,829 
9,697,420 

Rv 

7,41,074 

16,56,642 

£ 

53,315 

119,183 

Gate. 

4,281,878 

14,448,534 

Rs. 

11,17,012 

24,68,291 

£ 

83,986 

185,586 

Burma — 

Akyab . 
Kyaukpyu 
Minhu . 

Slngu . 

Thay* tmyo 
Upper Ohlnd- 
wln. 

Yenangyat . 
Yenangyaung 

7,014 

14,708 

3,829,044 

79,938,430 

1,717,653 

1,474,898 

1,594,517 

181,636,739 

2,024 

14,911 

9,57,201 

2,99,76,911 

5,36,767 

1,10,617 

3,98,629 

6,78,32,646 

145 
1,073 
68,868 
2,150,612 
38,616 
7,958 

28,678 

4,880,046 

7,169 

14,361 

3,248,566 

95,262,519 

1,320,009 

1,385,977 

1,562,444 

160,027,885 

2,483 

16,111 

9,13,659 

3,57,23,445 

3,71,263 

1,03,948 

4,39,437 

5,97,85,227 

187 

1,130 

68,696 

2,685,973 

27,914 

7,816 

33,040 

4,495,130 

Punjab — 

Attock 

Mian wail 

11,383,240 
200 

28,45,810 

50 

204,735 

4 

8,047,200 

20,11,800 

151,263 

Total 




889,808,542 

10,29,51,866 

7,740,727 
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Table 21 .—Imports of Kerosene during 1924 and 1925. 



1924. 

1925. 


Quantity 

Value 

(£l»R<. 13*9). 

Quantity. 

Value 

(£1«=Rb. 13*3). 


dal* 

JK 

£ 

dap*. 

Bm. 

£ 

From— 







Borneo 

7,365,960 

36,48,433 

262,477 

14,867,813 

78,89,050 

593,161 

Georgia 

9,242,682 

56,46,065 

406,235 

996,975 

5,14,065 

38,662 

Buraia . 




3,313,667 

19,12,876 

143,825 

Strait Settle¬ 
ment* <ln- 
cludlrut 
Labuan). 

1,310 

736 

53 

2,353,803 

16,32,683 

122,758 

8umatra 




1,148,962 

7,36,087 

55,270 

United States 
of America. 

65,206,946 

3,75,05,896 

2,698,260 

45,485,437 

3,13,73,754 

2,358,929 

Other Country 

677 

1,286 

92 

2,198.407 

17,04,787 

128,180 

Total . j 

71,807.575 

4,08,03,015 

3,367,123 

70,846,064 

4,57,62,302 

3,440,775 

Table 22.— 

Imparts of Fuel Oils into India during 1924 

and 1925. 


1924. 

1925. 


Quantity. 

Value 

(£l«=Rs. 13*9). 

Quantity. 

Vahie 

(£1 =Rh. 13*3). 


dais. 

Bs. 

\ 

£ 

dais. 

Bs. 

£ 

From— 







Persia . 

69,900,473 

1,34,07,629 

904,578 

09,701,090 

1,38,98,930 

1,045,032 

Strait* Settle¬ 
ments (includ¬ 

2,130,538 

7,35,360 

52,904 

2,243,702 

6,94,046 

52,184 

ing Labuan). 
Borneo . 

16,986,682 

41,28,141 

296,988 

14,599,813 

48,39,013 

363,836 

Other Countries 

129,269 

18,779 

1,351 

56,155 

13,840 

1.04o 

Total 

98,168,962 

1,82,89,909 

1,815,821 

8M80,768 

1 , 94 , 46,828 

1 , 462,092 
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Table 28.— Exports of Paraffin Wax from India during 1924 and 

1925 . 



1924. j 

. 1925. 


Quantity. 

Value 

(£l«Rs. 13*9). 

Quantity. 

Value 

(£1*=B*. 18*3). 

To- 

Tons. 

Be. 

£ 

Tons. 

Rs. 

£ 

Australia and New 
Zealand. 

3,489 

6,77,718 

48,756 

1,715 

8,21,474 

61,766 

Belgium 

i 

8,065 

13,94,575 

100,329 

3,135 

14,26,385 

107,247 

China 

2,141 

9,34,908 

67,259 

3,369 

17,51,645 

131,70 s 

Japan 

4 887 

19,96,070 

143,602 

315 

1,43,525 

10,791 

Portuguese Bast Africa 

2,040 

9,28,200 

66,777 

2,835 

12,89,925 

96,987 

Union of South Africa . 

2,441 

11,10,155 

79,867 

2,019 

9,18,531 

69,062 

United Kingdom 

8,191 

37,21,965 

2(. 7,767 

12,262 

55,80,520 

419,588 

United States <f America 

625 

2,84,318 

20,455 

915 

4,18,600 

31,474 

Other Countries . 

5,028 

23,28,909 

167,549 

5,018 

22,69,282 

170,628 

Total 

29,407 

1,33,76,818 

962,361 

31*583 

1,46,19,887 

1,099,240 


Ruby, Sapphire and Spinel. 

Although the severe decline in the output from the Mogok 
ruby mines of Upper Burma recorded in the preceding Review 
was not repeated in 1926, there was a marked drop in value 
which denotes a serious decline in the industry. Since the close 
of the year the mines have in fact closed down. The total weight 
of rubies mined in 1925 was more than twice that of the pre¬ 
vious year, but the total value in 1926 was not much more than 
three-quarters of what it was in 1924. The average value per 
carat of the three stones taken together fell from Rs. 4‘8 (£0*84) 
in 1924 to Rs. 2*4 (£0*18) in 1926, 
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Table 24. —Quantity and value of Ruby , Sapphire and Spinel produced 
in India during 1924 and 1925. 



1024. 

1925. 


Quantity. 

Value 

(£1»R«. 13*9). 

Quantity 

Va lue 

(£1-Re. 13*3). 


Carats. 

Ra. 

£ 

Carats. 

R«. 

£ 



53,511 
(Rubles) 

4,22,240 

30,377 

109,998 
(Rubles) 

3,40,689 

25,616 

Tumia. . . . < 

V, 

l 

37,942 
(Sapphires) 

67,556 

4,141 

31 608 
(Sapphires) 

20,610 

1,550 


1 

l 

9,044 

(Spinel*) 

3,544 

255 

7,531 

(Spinels) 

3,834 

288 

Total . j 

101.097 

4,83,340 

34,773 

149,037 

3,65,139 

27,454 


Salt. 

Again a decrease in the output of salt has to be recorded, amount¬ 
ing to over 328,000 tons, Bombay, Sind, Northern India and Madras 
all contributing to the fall as before ; Aden again shewed an in¬ 
crease, amounting to some 9,300 tons. 


Table 25.— Quantity and value of Salt produced in India during the 

years 1924 and 1925. 



1924. 

1925. 

Quantity. 

Value (£l«Rs. 13-9). 

Quantity. 

Value (£l«Rs. 13-3). 



Tons. 

Rs. 

£ 

Tons. 

Rs. 

£ 

Aden 

. 

179,182 

8,01,291 

01,903 

188.493 

9,10,379 

68,450 

Bombay and Sind . 


538,777 

29,35,188 

211,105 

381.410 

20.43,490 

153,640 

Burma . 


20,557 

2,63,586 

18,903 

22.880 

3,23,110 

24,294 

Gwalior 


151 

8,230 

592 

141 

7,388 

556 

Kashmir 


(«) 

152 

11 




Madras 


407,544 

27,32,822 

190.000 

330,005 

21,06,161 

158,358 

Northern India 


477,264 

29,38,703 

211,417 

365,000 

22,52,021 

169,324 

Total 


1,628,475 

97,39,972 

700,717 J 

1,295,144 

76<42JM 

574,628 
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The total decrease includes a decrease in the output of rock- 
salt amounting to 38,857 tons. 

Table 26.— Quantity and Value of Rock-saU produced in India during 

1924 and 1925. 



Salt Kange 

Kohat 

Mandl 


] 92 4. 


Quantity. 

Value (£1 »- 

IN. 13-9). 

Quantity. 

Tom. 

R- 

£ 

Tons. 

100 049 

8 16.248 

58,723 

12."), 4 70 

24,48.') 

78.801 

.‘>.669 

19,971 

4.70S 

1,32.912 

9,634 

4,939 

189.227 

10,28 962 

74,026 

i:>0,380 




There was a decrease of 54,525 tons in the imports of salts 
for which Aden and Egypt were chiefly responsible. The receipt 
from Italian East Africa and smaller contributors were also less, 
while imports from Germany and Spain shewed a large increase. 

Table 27. —Imports of Salt into India during the years 1924 and 

1925. 



1925. 

Quantity. 

Value 

(£1 = Rft. 13*3). 

Tom. 

Rfl. 

£ 

100,702 

19,61,799 

147,503 

49,921 

12,02,529 

90,416 

39,321 

7,91,260 

59,493 

176,961 

81,49,730 

236,822 

113,085 

21,20,211 

159,414 

45,183 

7,50,524 

56,430 

15,968 

2,71,061 

20,381 
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Saltpetre. 

Owing to the withdrawal of restrictions on the manufacture 
of saline substances, reliable statistics of production are no longer 
available. Excepting some ten to twelve hundred tons required 
for internal consumption as fertilizer, almost the whole of the 
output is exported to foreign countries. The following table 
shows the distribution of saltpetre during the years 1924 and 
1925. 


Table 28 .— Distribution of Saltpetre, exported from India during the 

years 1924 and 1925. 



1924. 

1925. 


Quantity. 

Value 

(£1*-IK 13-9). 

1 

Quantity. 

Value 

(£1“R«. 13*3). 

To— 

CwtB. 

R*. 

£ 

(wts. 

Rs. 

£ 

Ceylon 

08,518 

8,02,089 

02,021 

70,978 

8,76,326 

66,889 

Hongkong . 

35,597 

7,97,507 

57,375 

21,350 

4^72,040 

35,492 

Mauritius and Depen¬ 
dencies. 

30,194 

6,49,088 

46,097 

8,828 

1,72,724 

12,987 

Straits Settlements (in¬ 
cluding iAhuan). 

4,795 

1,08,192 

7,783 

4,052 

90,743 

0,823 

United Kingdom 

15,988 

2,30,014 

10,548 

10,902 

2,30,172 

1 7 ,7 57 

Other Countries . 

0,008 

1,52,323 

10,958 

i 

i 

4,197 

1,15,290 

8,0i 9 

Total 

167,700 

27,99,213 

! 

201,382 

186,073 

19,63,301 

147,617 


Silver. 

The production of silver from the Bawdwin mines of Upper 
Burma, which had increased to 5,287,711 oz. valued at 
Rs. 1,12,26,868 (£807,688) in 1924, fell to 4,831,548 oz. valued 
at Rs. 93,36,580 (£701,998), figures a little less than those for 
1923. A further increase in the output of silver amounting to 
3,610 oz. is reported from the Kolar gold mines of Mysore, 
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Table 29.— Quantity and value of Silver produced in India during 

1924 and 1925. 



1 

1924. 



1926. 



Quantity. 

Value 

(£1“Rb. 13-9). 

Quantity. 

Value 

(£1 ■=Ra. 13*3). 

Burma — 

Northern Shan States 

t 

0*. 

6,287,711 

Rs. 

1,12,26,808 

£ 

807,688 

Oz. 

4,831,648 

Rs. 

93,36,680 

£ 

701,998 

Madras— 

Anantapur 

249 

493 

35 

21 

38 

3 

Mysore — 

Kolar 

21,243 4 

43,726 

3,140 

24,863 3 

40,671 

3,602 

Total 

6,809,203 4 

1,12,71,086 

810,869 

4,866,4228 

93,83,189 

705,603 


Tin. 

According to the revised production figure for 1924, which is 
Borne 84 tons less than that published in the preceding review, 
there was a total increase of 428 tons of tin in 1925. The total 
production of 2,308 tons was derived from Burma, Tavoy contri¬ 
buting 72'8 per cent, and Mergui 26 9 per cent. There is no 
recorded output of block tin. The testing of a new part of the 
Amherst district, in the Kya-in township, will be watched with 
interest. Imports of unwrought tin increased considerably, the 
figure for 1925 being 6,785 cwts. greater than that for 
1924 (see Table 31); 97 per cent, of these imports came from 
the Straits Settlements. The quantity of wrought tin imported 
into India amounted in 1925 to 1,385 cwts. valued at Rs. 2,61,638 
(£19,672) against 3,768 cwts. valued at Rs. 1,71,636 (£12,348) ip 
1924. 
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Table 30. —Quantity and value of Tin-ore produced in India during 

the years 1924 and 1925. 


— 

1024. 

1025. 

Quantity. 

Value 

(£l=*Ba. 13-9). 

Quantity. 

Vahio 

(£1-Rs. 13*3). 


Tons. 

Be. 

£ 

Ton'i. 

1 

Re. 

£ 

Burma — 







Amherst. . 

3 7 

5,606 

403 

2 

3,800 

286 

Mergul . 

(a) 430 1 

8,21,082 

60,135 

621 

10,47,511 

78,760 

Tavoy . 

1,433-0 

20,61,107 

148,281 

1,680 

25,06,170 

188,434 

Thaton . 

(a) 4 0 

5,000 

360 

5 

6,000 

451 

total 

1,879 8 

28,93,695 

208,17^ | 

2,308 

35,63,481 

267,931 


(«) Revised. 


Table 31. —Imports of unwrought Tin ( blocks, ingots, bars and slabs ) 
into India during 1924 and 1925. 



1924. 

1925. 


Quantity. 

Valuo (£1 *= 

Us. 13 9) 

Quantity. 

Valno (£1« 

-Rs. 13 3). 

From— 

Cwta. 

Rs. 

£ 

Cwta. 

Rs. 

£ 

United Kingdom 

2,807 

4,02,480 

35,431 

1,363 

2,43,303 

18,300 

Straits Settlements 
(including Labuan). 

45,301 

72,80,478 

524,423 

53,607 

91,76,670 

680,075 

Other Countries 

366 

52,350 

3,766 

280 

53,056 

3,080 

Total 

46,474 

78,34,317 

663,620 

56,269 

94,73,119 

712,264 


Tungsten. 

There was an increase of 33 tons in the production of wol¬ 
fram, but this was still 100 tons short of the figure for 1923. 
The whole of the output was derived from Tavoy. 
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Table 32. —Quantity and value of Tungsten-ore produced in India 
during 1924 and 1925. 



- 

1924. 

1 

1925. 

Quantity. 

Value (£1 = 

Es. 13-9). 

Quantity. 

Value (£1 «»=Rb. 13-3). 


Tons. 

Ks. 

£ 


a m 

£ 

Burma — 




I 

I I 


Mergui 

0 3 

91 

6 

PH 

II 


Tavoy . 

738-7 

3,41,290 

24,553 


9 

33,975 

Total 

789 9 

8,41,381 

24,559 

772*2 

4,51,864 

33,975 


Zinc. 

16,810 tons of zinc concentrates were produced by the Burma 
Corporation Ltd., in the Northern Shan States during the year 
under review. The exports amounted to 20,967 tons valued at 
Rs. 20,79,794 (£156,375). The increase in the exports over produc¬ 
tion is due to the accumulation of stocks in the previous year 
when 18,650 tons were produced but 15,192 tons, valued at Rs. 
11,60,449 (£83,486) were exported. 


Alum. 


UL—MINERALS OF GROUP H. 

The alum industry of the Mianwali district, Punjab, has not 
yet recovered from the severe decline since 1922, but the figures 
for 1925 shew a slight improvement over those 
for the previous year. The output during 

the year under review amounted to 1,050 cwts. valued at Rs. 

22,848 (£1,718) against 926*5 cwts. valued at Rs. 18,900 (£1,359) 
in 1924. 

'There was a large decrease in the production of amber in 
the Myitkyina district, Burma, which amounted to 16*1 cwts. 

valued at Rs. 9,440 (£710), against 89*3 cwts. 
valued at Rs. 15,301 (£1,101) in 1924. 

An output of 10 tons valued at Rs. 345 (£26) was reported 
from the Amherst district in Burma. No production from this 

area is recorded since 1917 when 105 tons 

were raised; in 1916 the district was respon¬ 
sible for 1,000 tons from two or three different localities. 


Amber. 


Antimony. 
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There was a considerable decrease in the output of apatite in 
Singhbhum, which amounted to 1,480 tons valued at Rs. 11,300 
(£850), against 6,426 tons, valued at Rs. 68,004 
pat te ‘ (£4,892) in 1924. The development of the 

Singhbhum deposits is restricted by the small demand in India 
for this phosphate fertiliser. 

There was a further decrease in the production of asbestos 
wh : ch amounted to only 16 tons valued at Rs. 4,796 (£361), against 
125*3 tons valued at Rs. 18,826 (£1,354) in 

Asbestos. 1924. The production was derived from the 

Cuddapah district in the Madras Presidency. The mines in the 
Seraikela State of Bihar and Orissa and in the Bhandara district 
of the Central Provinces from which an output of asbestos was 
reported in the previous year were not worked during the year 
under review. 

The output of barytes from the Kurnool district of Madras 
and the Alwar State of Rajputana fell further from a total of 
2,303 tons valued at Rs. 31,341 (£2,255) in 

aryies, 1924 to 1,450 tons valued at Rs. 17,660 

(£1,328). Of this 580 tons were reported from Kurnool and the 
balance from the Alwar State. 

The output of bauxite fell from 23,228 tons valued at Rs. 
1,88,075 (£13,531) in 1924 to 10,070 tons valued at Rs. 84,055 
(£6,320) in 1925 ; the details of production 
are shown in the accompanying table. The 
figure for 1924 was, however, a record output more than double 
that of any other year; the figure for 1925 is still considerably 

in excess of the average for the four years previous to 1924. 


Barytes. 


Bauxite. 


Table 33.— Quantity and value of Bauxite produced in India dating 

1924 and 1925. 



Bombay— 
lielgaum. 

Kaira 

Central Province *— 
Jubbulpor© 


Quantity. 

Value (£1 — 

Rs. 139). 

Quantity. 

Value (£1 =Rs. 13-3). 

Ton*. 

R*. 

£ 

Tons. 

Rs. 

£ 

10,738 

1,77,640 

12^780 

1,500 

6,967 

8,250 

66,186 

620 

4,977 

3,400 

10,436 

761 

1,003 

9,610 

723 


1,88,075 

13,531 

10,070 

84,055 

6 , 39 $ 




















Tabus 34 .—Production of Building Materials and Road Metal in India during 1925. 

(The value In sterling pounds has been calculated on the basis of £1=Bs. 13-3.) 

L ATERITE . Lime. I Lim ^ t one anp i Garble. I Sandstone. 8late. I Trap, 


Records of the Geological Survey of India . [ Vol, 




'«) Includes 316,680 tons of dolomite valued at Bs. 8,36,782. (c) Includes 8 tons of dolomite valued at Bs. 66. 

\b) Includes 782 tom of manga niferous limestone >alued at Bs. 6,262. (a) Includes 1,178,212 tons of kankor used for metalling roads. 























t>AAT 3.] 


Pascoe : Mineral Production , 1925. 


287 


The total estimated value of building stone and road- metal 
produced in the year under consideration was Rs. 1,13,56,215 

(£853,851) (see Table 34). Certain returns 
Building^^Mfl^erUts and supplied in cubic feet have been converted 

into tons on the basis of certain assumed 
relations between volume and weight. The total production of 

3,108,710 tons shown under “ Limestone and Kankar ” includes 
the production of dolomite. On enquiry it has been ascertained 
that dolomite is not at present produced in British India but is 

restricted only to Indian States. Of the total production of 316,588 

tons of dolomite, 316,580 tons were produced in the Gangpur State 
in Bihar and Orissa mainly for use as flux' in iron industries and 
the remaining 8 tons in the Jaisalmer State in Rajputana for the 
manufacture of lime. The high figure of 1,208,509 tons shown 
against the United Provinces represents the production of 22,605 
tons of limestone used for lime and 1,185,904 tons of kankar , 
of which 1,178,212 tons were used for metalling roads and the 
rest for the manufacture of lime. 

The recorded production of clay rose from 122,972 tons, valued 
at Rs. 3,49,979 (£25,178) in 1924 to 128,860 tons, valued at Rs. 

2,89,875 (£21,795) in 1925 (see Table 35). 

The increase in quantity was, however, more 
than offset by a considerable decrease in value. 


Table 35 .—Production of Clays in India during 1925. 



Quantity. 

" 

Value (£1 

-Rs. 13-3). 


Tons. 

Rs. 

£ 

Bengal ...... 

43,602 

44,900 

3,376 

Bihar and Orissa .... 

32,110 

1,08,180 

12,046 

Burma ...... 

25,184 

32,895 

2,473 

Central India .... 

1,223 

4,003 

301 

Central Provinces .... 

17,820 

9,407 

707 

Delhi. 

2,133 

2,250 

170 

Gwalior ..... 

579 

0,009 

501 

Kashmir \ 

1,147 

1,920 

144 

Madras .. 

708 

4,038 

304 

Mysore ...... 

3,780 

14,294 

1,076 

Rajputana. 

502 

1.307 

98 

Total 

128,869 

2,89,876 

1 

21,796 


o 
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A quantity of 8 cwts. of sulphate of iron valued at Rs. 14 (£l) was 
produced from the Khardang mine in Ladakh 
Copperas. tehsil, Kashmir State. 

An output of 10 tons of corundum was reported from the Bhan- 
dara district in the Central Provinces. The value of the produc- 
Corundum. tion is not available. 

In 1923 there was an unusually large production of Fuller’s 
earth amounting to nearly 27,700 tons. This fell in 1924 to the more 
normal figure of 4,078 tons and has again 
ii ers art , fallen to 2,198 tons, a figure not far from the 

average for the three years 1919-1921. Mysore is chiefly respon¬ 
sible for the fall in 1925, which, however, is paitly due to the 
ifliteracy of the workers and consequenti ncompleteness of returns ; 
Jodhpur again shows a decline. 


Table 36. — Production of Fuller's Ewth in India during 1924 

and 1925 . 



1924. 

1925. 4 

Quantity. 

Value 

<£1-Ea. 13-9). 

Quantity. 

Value. 

(£1-Hs. 13*3). 


Tons. 

Rs. 

£ 

To ns. 

Rs. 

£ 

Geatml Province *— 







Jubbulpore . 

19 

93 

7 

59 

289 

22 

Mysore 

2,534 

364 

26 

143 

364 

27 

Rafpulana — 







Bikanir 

450 

2,010 

145 

1,180 

7,080 

533 

Jaisalmer «. 

5 

85 

6 

20 

310 

23 

Jodhpur 

1,070 

13,475 

969 

796 

13,434 

1,010 

Total 

4,078 

16,027 

1,163 

£,108 

n.trr 1 

1,616 


There was again a slight fall in the output of gypsum, from 
38,123 tons valued at Rs. 76,838 (£5,527) in 1924 to 36,244 tons 


_ valued at Rs. 77,270 (£5,810) in 1925. The 

uypflifin. « . ,i 

effect of gypsum in small quantities upon crops— 

a common application is 2 maunds to the acre—is said to be remarkable 

and its usefulness to the monsoon crops of South Bihar has been 
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experimentally demonstrated. 1 The Department of Agriculture, 
Bihar and Orissa, is importing annually increasing amounts of gypsum 
from Jamsar in Bikanir. This experimental work may, therefore, 
result in a demand from agricultural districts for gypsum. 


Table 37 .—Production of Gypsum in India during 1924 and 1925. 



J 0*24. 

1925. 

Quantity. 

Value 

(£!«■ Rs. H O). 

Quantity. 

V ul ue 

(£1 ■= Ks 13*3) 


Tons. 

Ks. 

£ 

Tons. 


£ 

Kashmir 

48 

(KM) 

43 

132 

275 

21 

Punjab -— 



1 




Jlielutn 

4, PUT 

4.U27 

354 

1,088 

3.411 

250 

Hiifftutntui — 







Bikanir 

20.608 

55,851 

4.018 

20.804 

57,784 

4.315 

JalHalmer 

125 

823 

59 

120 

800 


Jodhpur 

6,325 

14 637 

1 053 

7.500 

15,000 

1.128 

Total 

38 123 

76.838 

5,327 

36,244 

77,270 

6,81 f 


The output of ilmenite from Travancore State fell further from 
641 tons, valued at £1,381 in 1924 to 328 tons, valued at £492 in 
Ilmenite. 1925. 

There was a very large increase in the production of refractory 
materials. The output rose from 224 tons valued at Rs. 3,360 
(£242) in 1924 to 6,182 tons valued at Rs. 
ya " e ’ 40,192 (£3,022). Of this 2 tons were produced 

in the Manbhum district, 343 tons from the Lapso Hills mines in 
Kharsawan State (Singhbhum), by the Indian Copper Corporation 
Ltd. and the balance from the Ghagidih and Mosaboni Mines in 
Singhbhum worked by Mr. E. 0. Murray and the Indian Copper 
Corporation Ltd., respectively. 

There was a further decrease in the production of ochre from 
6,304 tons, valued at Rs. 66,719 (£4,800) in 1924 to 5,296 tons, 
Ochre. valued at Rs. 37,023 (£2,784) in 1925. 

1 D. Clouston. Review of Agricultural Operations in India, 1924-25, p. 52. 

C 2 
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Table 38. —Production of Ochre in India during 1924 and 1925 . 



[1924. 

1025. 

Quantity. 

Value 

(£1-R*. 13-9). 

Quantity. 

Value 

(£1-Rs. 13*3). 


Tons. 

Its. 

£ 

Ton*. 

Rs. 

£ 

Bihar and Orissa 

300 

7,605 

551 




Control India 

00 

40,760 

2,032 

4,803 

24,455 

1,889 

Central Provinces 

184 

2,698 

194 

110 

2.410 

181 

Gwalior . 

783 

10,571 

761 

230 

4,987 

871 

Madras 

323 

4,375 

315 

340 

4,609 

846 

Rujputana . 

312 

030 

47 

304 

621 

47 

Total 

6,304 

06 119 

4 800 

5,296 

87 t 0t8 

2,784 


Rock crystal. 


An output of 40 tons of oil shale valued at Rs. 200 (£15) was 

Oil Shale. reported for the first time from the Amherst 

Phosphate (see Apatite), district in Burma. 

An exceptionally fine crystal of transparent quartz recently 
came to light in Burma. A ball, 30 inches in diameter and 130 lbs. 

in weight, was cut from the mass in China 
polished in Japan and has found its way to 
the United States National Museum at Washington. The crystal 

is presumed to have come from the Sakangyi area near Mogok. 

The production of t erpentine in the Ladak tahsil , Kashmir 
State, rose from 1*8 tons valued at Rs. 75 (£5 4) in 1924 to 2*6 tons 
Serpentine. valued at Rs. 105 (£8) in 1925. 

There was a further increase in the production of soda in the 
Ladak tahsil 9 Kashmir, from 118 tons, valued at Rs. 430 (£31), 
in 1924 to 28 3 tons, valued at Rs. 1,126 
(£85) in the year under review. Salt, consist¬ 
ing for the greater part of sodium carbonate, sodium bicarbonate and 
sodium chloride, is obtained by evaporation from the waters of the 
Lonar lake in the Buldana district of the Central Provinces. It is 
known under the general name of trona or urao , for which there is 
no suitable equivalent in English. The total amount of trona 
extracted in 1925 was 35 tons, valued at Rs. 1,050 (£79) as against 
20 tons, valued at Rs. 800 (£58) in 1924. There was also a produc- 


Soda. 
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tion of 3*4 tons of crude soda (rasi), valued at Rfl. 92 (£7) in Datia 
State, Central India. 

The great fall in the output of steatite in 1924 was followed 
by a slight fall in 1925 amounting* to some 43 tons, but this was 
SfeaMc accompanied by an enormous increase in value 

the 1925 yield being estimated at double the 
value of that of 1924. 

Table 39. —Production of Steatite in India during 1924 and 1925, 



1924. 

j 

1925. 

Quantity. 

Value 

(£1-Rs. 13*9). 

Quantity, 

i Value 

(£1m 118. 13*b). 


To us. 

Rs. 

£ 

Tons. 

R3. 

£ 

Biliar and Orissa— 







Mayurbh&nj 

07*0 

6,200 

447 

90*0 

8,350 

628 

tfilglri 


3,500 

252 



.. 

Soraikela 

18-4 

1,000 

72 

25*7 

1,400 

105 

Singhblium 

03-8 

3,359 

241 

58-9 

3,539 

266 

Burma — 







Pnkokku Hill Tract* 

7-1 

1,950 

141 

3-1 

800 

60 

Central Provinces — 







liluindara 




337*5 

13,500 

1,015 

Jubbulpore . 

1,07.',0 

17,597 

1,200 

1,286*8 

70,799 

■ 5,323 

Madras 







Kurnool 

4*0 

245 

17 

4*0 

244 

18 

Ncllore 

108*0 

0,538 

470 

82*2 

5.724- 

430 

Salem . 

804-0 

19,748 

1,421 

712-8 

16,697 

P.256 

Mysore 

50*0 

120 

9 

101-0 

810 

61 

United Provinces — 







H amir pur . 

37-0 

8,050 

579 

31*0 

7,040 

590 

Jhaual 

18-0 

864 1 

62 

760 

770 

58 

Total 

8352*9 

69,177 

! 

4,977 

2 809*0 

1^9,673 

9,750 


{a) EUimited. 


Sulphate of Iron («ee Copperas). 

There was a further increase in the production of zircon in the 
Travancore State, which rose from 365 tons, valued at £2,717 in 
Zircon, 1924 to 576 tons valued at £4,608 in 1925. 
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IV.—MINBRAL CONCESSIONS GRANTED. 


Table 40. —Statement of Mineral Concessions granted during the year 1925. 

AJMER-MERWARA. 





Nature 


Date of 


District. 

Grantee. 

Mineral. 

ot 

Area in acres. 

commence* 

Term. 




grant. 


ment. 


Ajmer 

(1) Messrs. J. A. 

Mica . 

P. L. 

oec 

25th January 

1 year. 

Begble <t Co. 




1925. 


Do. 

(2) Do. 

Do. 

P. L. 

4-42 

22nd June 

Do. 



(renewal). 


1925. 


Do. 

(3) L. Kanahyalal, 

Do. . 

P. 1,. 

4 22 

19th August 

Do. 


Nasirabad. 




1025. 


Do. 

(4) Do. 

Do. . 

r. l. 

300 

Do. . 

Do. 

Do. 

(5) Messrs. Samsuddin 

Do. . 

P. L. 

1 59 

25th August 

Do. 


and Sons of Nasira- 
bad. 




1925. 


Do. 

(6) Do . 

Do. . 

P. L. 

3 97 

Do. 

Do. 

Do. 

(7) Mr. E. P. Thomas 

Do. . 

P. L. 

0-70 

10th Septem¬ 

Do. 





ber 1925. 


Do. 

(8) Do. 

Do. . . 

P. L. 

0 60 

Do. 

Do. 

Do. 

(8) L. Prem Sukh 

Do. . 

P. L. 

1417 

23rd Septem¬ 

Do. 


RathI of Nasirabad. 




ber 1025. 


Do. 

(10) Do. 

Do. . 

P. L. 

0 83 

1st December 

Do. 





1925. 


Do. 

(11) Do. 

Do. . 

P. L. 

o 55 

5th December 

Do. 






1925. 


Do. 

(12) Begble Mining 

Syndicate. 

Do. . 

M. L. 

602 

1st June 1925 

5 years. 

Do. 

(13) Mr. E. P. Thomas 

Do. . 

M. L. 

• 

14th Novem¬ 

3 years. 






ber 1925. 

Beawar 

(14) Rajputana Mine¬ 

Graphite 

P. L. 

6 05 

17th Decem¬ 

1 year. 


rals <fc Co. f Ltd., 
Bombay. 




ber 1925. 


Do. 

(16) M. Mohamed 

Eaaal of Ajmer. 

Mica . 

P. L. 

0-22 

I2tli June 

Do. 



(renewal). 


1925. 



ASSAM. 


Cachar 

(16) Graig Park Tea 
Company, limited. 

Mineral oil . 

P. L. 

1,915 58 

5th May 1925 

2 years. 

Do. 

(17) Whitehall Petro- 

Crude petroleum 

P. L. 

11,968 

9tli February 

1 year. 


leum Corporation, 

and its assoclat- 


1925. 


Limited. 

ed hydrocarbons. 




Khasl and 
Jaintla 

(18) John Buchanan 
Beattie. 

Coal . 

M. L. 

5,817-6 

4th Septem¬ 
ber 1925. 

30 years. 

HUls. 






Do. . 

(19) Mr. P. N. Sen . 

Mineral oil . 

P. L. 

2,518 

9th October 

2 years. 






1925. 


P. L. » Protpecting Uceme. M. L. — Mining Lean, 
♦ whole of the Bavri Estate, 
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ASSAM —conid. 







Nature 


Date of 


DlKTUlCT. 

] Grantee. 

Mineral. 


of 

Area in acres. 

commence- 

Term. 






grant. 


ment. 


Lakhlmpur . 

(20) A»sam Oil Com- 

Oil . 


P. L. 

5,120 

30th Mareh 

1 year. 

pany 

Ltd. 



(renewal). 


1925. 


Do. 

(21) 

Do. 

Do. . 


P. L. 
(renewal). 

4,480 

7th April 1925 

Do. 

Do. 

(22) 

Do. 

Do. . 


P. L. 

4,160 

20th April 

Do. 





(renewal). 


1925. 


Do. 

(23) 

Do. 

Do. . 


P. L. 

3,968 

12th May 

Do. 




(renewal). 


1925. 


Do. . 

(24) 

Do. 

Do. . 


P. L. 

0,792 

7th October 

Do. 





(renewal). 


1025. 


Do. . 

(26) 

Do. 

Coal . 


P. L. 

3,328 

5th February 

Do. 





(renpwal). 


1925. 


Do. . 

(20) 

Do. 

Do. . 


P. L. 

9,792 

7th October 

Do. 







1925. 


Naga HUD . 

(27) Whitehall Petro- 

Mineral oil . 


P. L. 

7,180-8 

16th Septem- 

Do. 


leum 

Corporation, 





ber 1925. 



Limited. 







Do. . 

(28) 

Do. 

Do. 


P. L. 

4,211-2 

D: 

Do. 

Nowgong 

(29) 

Do. 

Oil and Its atwo- 

P. L. 

1,344 

9th April 

Do. 



elated hydro- 



1925. 





carbons. 




3rd Mareh 


Do. 

(30) 

Do. 

Do. 


P. L. 

5,050 

Do. 







1925. 


Do. 

(31) 

Do. 

Do. 


P. L. 

1,344 

20th March 

Do. 





(renewal). 


1925. 


JX). 

(32) 

Do. 

Do. 


P. L. 
(renewal). 

1,920 

Do. 

Do. 

Sadlya Fron¬ 
tier Tract 

(33) Assam Oil Com- 

Mineral oil . 


P. li. 

2,240 

19th Decem¬ 

Do. 

puny, 

Limited. 





ber 1925. 


Sllwigar 

(34) 

Do. 

Coal and oil 


P. L. 

1,440 

5th June 

Do. 







1925. 


Do. 

(33) Burma!) Oil Com- 

Do. 


P. L. 

6,400 

9th June 

Do. 


pany, l.lmited. 





1925. 


Sylhet 

(30) 

Do. 

Mineral oil . 


P. L. 

11,945 

10th Decem¬ 

2 years. 






ber 1925. 


Do. 

(37) 

Do. 

Do. 


P. L. 

3.U.0 

Do. 

l>o. 

Do. 

(38) 

Do. 

Do. 


P. L. 

3,136 

3rd May 1925 

1 year. 


BALUCHISTAN. 


Kalat 

Do. 

(39) The Burraah Oil 
Co., Ltd., Scotland. 

(40) Do. 

Mineral Oil . 

Do. 

P. L. 

K. L. 

3,200 

Not known 

1st Septem¬ 
ber 1920. 

2nd October 
1924. 

8 years. 

1 year. 

Zhob . 

(41) Tlie Baluchistan 
Chrome Co., Ltd., 
Hlndubagh. 

Chromite 

M. L. 

10 

20th March 
1925. 

1 

30 years. 


P. Ii. «p Protecting Lioene, M, £». - Mining Lout. fl. L , » Bryloring License, 
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BENGAL. 


District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acre*. 

Date of 
commence¬ 
ment. 

Term. 

Chittagong . 

1 

(42) Whitehall Petrol¬ 
eum Corporation 
Ltd. 

Natural petroleum 

P. L. 

3,061-08 

16th June 
1925. 

1 year. 

Chittagong 
Hill Tracts 

(43) Burmah Oil Co., 

1 td. 

Mineral oil . 

P. L. 
(renewal.) 

9,600 

7th March 
1025. 

Do. 

Do. . 

(44) Do. 

Do. 

P. L. 
(renewal.) 

7,719 04 

Do. 

Do. 

Do. . 

(45) Whitehall Petrol¬ 
eum Corporation 
Ltd. 

Do. 

P. L. 
(renewal.) 

4,601 -6 

14 th April 
1925. 

Do. 

Do. 

(46) Burmah Oil Co., 
Ltd. 

Do. 

P. L. 
(renewal.) 

4,313-6 

9th October 
1925. 

Do. 

Do. . 

(47) Whitehall Petrol¬ 
eum Corporation 
Ltd. 

Do. 

P. L. 
(renewal.) 

2,912 

3rd Septem¬ 
ber 1925. 

Do. 

Do. . 

(48) Do. 

Do. 

P. L. 
(renewal) 

5,401-0 

14th April 
1925. 

Do. 


BIHAR AND ORISSA. 


Hazaribagh. 

(49) Kumar Krishna 

Mica . 

M Ti. 

Not a \ alia Me 

1st Novem- 

2 years. 


Mltra. 




ber 1925. 

Patna 

(50) Mr. D. 0. Nag . 

All minerals 

P. L. 

3,552 

10th Decern- 

1 year. 




ber 1925. 

Saptal Par- 
ganaa. 

(5l^Bhudar Chandra 

Coal . 

M. L. 

3-94 

1st April 

1926. 

2 years. 

Do. . 

(52) Binode Behari De 

Do . 

M. L. 

2-15 

Do. 

Do. 

Do. . 

(53) Ramrekli Das 

Do. . 

M I,. 

0 99 

Do. 

Do. 


Merwai i. 






Do. . 

(54) Bansi Ram Mer- 

Do. . 

M. L. 

1 90 

Do. 

Do. 


wari. 

Do. . 





Do. . 

(55) Do. 

M. L. 

500 

Do. 

Do. 

Do. . 

(56) Gangs Ram Mer- 

Do. . 

M. L. 

2 48 

Do. 

Do. 


wart 






Do. . 

(67) Ramrekh Das 

Do. . 

M. L. 

4-27 

Do. 

Do. 


Mer wari. 






Do. . 

(68) Jetha Mulji 

Do. . 

M. L. 

8 00 

Do. 

Do. 

Do. . 

(59) Do. 

Do. . 

M. L. 

500 

Do. 

Do. 

Do. . 

(60^Bhudar Chandra 

Do. . 

M. L. 

0-99 

Do. 

Do. 

Do. . 

61) Ramrekh Dae 

Do. . 

M, L. 

600 

Do. 

Do. 


Merwari. 






Do. . 

(62) Gangs Ram Mer¬ 

Do. , 

M. L. 

5 04 

Do. 

Do. 


wari. 






Do. . 

(63KBhudar Chandra 

Do. . 

M. L. 

1 00 

Do. 

Do. 


P. L. ~ ProifteHnt Lie*rue, U. h. — Minirif 
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BIHAR AND ORISSA— oonfei. 


District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acre j . 

Date of 
commence¬ 
ment. 

Term. 

Slnghbhum 

(64) Hlra Lai SarJa . 

Limestone . 


340- 94 

11th February 
1925. 

1 year. 

Do. 

(05) Lalji Jhina & 
Sous. 

Iron-ore 

1 

011-00 

15th April 

1925. 

Do. 

Do. . 

(60) The Bengal Iron 
Company, Limited. 

Iron-ore and 

Manganese. 

M. L. 

1,339-70 

7th March 

1925. 

30 year8. 

Do. 

(07) Kail Charan 

Trlvedl. 

Yellow Ochre 

M. L. 

0-79 

1st April 

1925. 

3 years. 

Do. 

(08) 8atya Charan 

Mukharjl. 

All minerals 

r. L. 

115-20 

24th July 

1925. 

1 year. 

Do. 

((,9) Do. 

Do. 

P. L. 

121 

24th J une 

1925. 

Do. 

Do. 

(70) ATjune Ladha 

Do. 

P. L. 

125 

18th Decem¬ 
ber 1925. 

Do. 

Do. 

(71) Mangl I>nl Mer- 
warl. 

Chromite . 

1*. L. 

332 50 

23rd July 

1925. 

Do. 

Do. 

(72) Messrs. Martin A 
Co. 

Manganese . 

P. L. 

212 80 

21th Jt:ly 

1925. 

Do. 

Do. . 

(73) Mangi T>nl Mer- 
wari. 

Do. 

M L. 

402-71 

12 th Decom- 
l**r 1925. 

20 years. 


BOMBAY. 


Belgaum 

(74) Mr. A. N. Peston 
Jamas. 

Bauxite 

P L. 

1,072 92 

24 th March 
1925. 

1 year. 

Do. 

(75) Kao Saheh D. (J. 

Maidkum. 

Ma nga nese . 

P. J.. 

320 

23rd No\ em¬ 
ber 1925. 

6 months, 

Kanara 

(76) Messrs. D. M. 
Tilve and Sons. 

Do. 

P. L. 

204 

29th Septem- 
1925. 

1 year. 

Do. 

(77) Mr. K. Kama 
Chandra. 

Do. 

1*. L. 

1,584 

17 th August 
1925. 

Do. 

Do. 

(78) Messrs. D. M. 
Tilve and Sons. 

Do. 

M. L. 

10-3 

Not yet exe¬ 
cuted. 

25 years. 

Do. 

(79) Mr. T. B. Kantha- 
rla. 

Do. 

M. L. 

110 

Do. 

3 years. 

Sukkur 

(80) I n d o-B u r m a 
Petroleum Company 
Limited. 

Mineral oil . 

P. L. 
(renewal). 

0,008 52 

1st Septem¬ 
ber 1924. 

1 year. 

West Khan- 
desh. 

(81) Messrs. Ra rag opal 
Jagannath. 

Coal, white stones, 
Iron, Mica and 
Oils. 

P. L. 

7917 

25th Septem¬ 
ber 1925. 

Do. 


P, L. - Pro*porting Licence. Jf. 1. » Mining Lcate. 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

Akyab 


(82) The Barash Oil 
Co., Ltd., Rangoon. 

Natural petro¬ 

leum. 

P. L. 

1,280 

2nd Novem¬ 
ber 1925. 

2 years. 

Do. 

• 

(88) The Indo-Burma 
Petroleum Co., Ltd., 
Rangoon. 

Do. 

P. L. 

(renewal). 

5,440 

15th Decern- 
)>er 1924. 

1 year. 

Do. 


(84) Do 

Do. 

P. L. 

(renewal). 

4,800 

19th Janu¬ 
ary 1925. 

Do. 

Do. 


(86) Do. 

Do. 

P. L. 

(renewal). 

1,280 

22nd April 
1925. 

Do. 

Do. 


(86) The Burmah Oil 
Co., Ltd., Rangoon. 

Do. 

P.L. 

(renewal). 

3,630 

16th July 

1025. 

Do. 

Do. 


(87) Whitehall Petro- 
eulm Corporation, 
Lahore. 

Natural pelro- 
leum and its 
associated hy¬ 
drocarbon. 

P. L. 

(renewal). 

5,120 

19th Septem¬ 
ber 1925 

Do. 

Amherst 


(88) D. A. David 

Sulphides . 

P. L. 

1,280 

30th Julv 

1925. 

Do. 

Do. 


(89) Do. 

Do. 

P. L. 

1,280 

30th Januarv 
1925. 

Do. 

Do. 


(90) S. H. Harman . 

All minerals 

P. L. 

1.280 

Oth Decem¬ 
ber 1925. 

Do. 

Do. 


(91) H. Bryant . 

All minerals except 
oil. 

P. L. 

1,280 

19th July 

1925. 

Do. 

Do. 


(92) D. A. David 

Do. 

P. L. 

640 

4th February 
1925. 

Do. 

Do. 


(93) Chew Whee Shaln 

Do. 

| K1 • 

1,037 

24th Octolier 
1926. 

Do. 

Do. 


(94) Saw Lein Lee 

I)o. 

P. L. 

1,280 

16th Septem¬ 
ber 1925. 

Do. 

Do. 


(95) H. Bryant . 

Do. 

P.L. . 

1,920 

16th Septem¬ 
ber 1925. 

Do. 

Do. 


(96) Saw Lein Lee 

Antimony . 

P. L. 

1,600 

5th .lime 

1925. 

Do. 

Do. 


(97) Do. 

Do. 

P. L. 

1,218 

17th June 

1925. 

Do. 

Do. 


(98) M. E. Moollft 

Oil Shale . 

M. L 

12,800 

21st August 
1925. 

30 years. 

Do. 


(99) D. A. David 

Antimony . 

M. L. 

269 

23rd Septem¬ 
ber 1925. 

Do. 

Do. 


(100) Messrs. Baltha¬ 
zar & Son. 

Mineral oil . 

P. L. 

(renewal). 

f>,760 

24th February 
1925. 

1 year. 

Do* 


(101) Dr. M. Shawloo. 

Do. 

P. L. 

(renewal). 

7,040 

26th Febru¬ 
ary 1926. 

Do. 

Bh&mo 


(102) Messrs. Foucar 
& Co., Ltd., Mana¬ 
ging Agents, The 
Tavoy Tin Syndi¬ 
cate, Ltd., Rangoon. 

All minerals ex¬ 
cept natural 

petroleum and 
Jade. 

P.L. 

(renewal). 

826 

24th Januarv 
1925. 

Do. 


f. L. - Prospecting Liotn «t, M f L , - Mining Lean, 
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District. 

Grantee. 

Minora 1. 

Nature 

of 

grant. 

Area in acres. 

Date of 
commence¬ 
ment. 

Term. 

Kyaukpyu . 

(103) Messrs. Finlay 
Fleming <fe Co., Ma¬ 
naging Agents, The 
Burmah Oil Co., Ltd. 

Natural Petro¬ 

leum. 

P. L. 

(renewal). 

1,280 

1st June 

1926. 

1 jear. 

Kyaukie 

(104) Yeo Eng Byan . 

M lnerals other 
than mineral 
oil. 

P.L. 

5,568 

26th October 
1026. 

Do. 

Do. 

(105) W. Kim Kyo . 

Do. 

P. L. 

8,040 

6th Decem¬ 
ber 1926. 

Do. 

Lower Chin- 
dwln. 

(106) U. P. Kyan 

Natural petro¬ 

leum. 

P. L. 

640 

1st March 
1925. 

Do. 

Do. . 

(107) Mr. L. Dawson . 

Do. 

P. L. 
(renewal). 

3,008 

6th February 
1926. 

Do. 

Do. . 

(108) The Indo-Burma 
Petroleum Co., Ltd. 

Do. 

P. L. 
(renewal). 

1,920 

1st August 
1925. 

Do. 

Do. . 

(109) Do. 

Do. 

P. L. 
(renewal). 

3,200 

22nd Septem¬ 
ber 1026. 

Do. 

Magwe 

(110) The Sanhla Oil 
Co. 

Do. 

P. L. 

134 

5th May 1926. 

2 yean. 

Do. 

(Ill) Do. 

Do. 

P. L. 

640 

2nd June 

1926. 

Do. 

Do. 

(112) The Hesaford 
Development Syn¬ 
dicate. 

Do. 

P. L. 

640 

12th June 

1926. 

Do. 

Do. 

(118) U. Thu Daw . 

Do. 

P.L. 

2,660 

15th October 
1926. 

Do. 

Do. 

(114) The Sanhla Oil 
Co. 

Do. 

P. L. 

100 

11th August 
1925. 

Do. 

Do. 

(115) British Burma 
Petroleum Co. 

Do. 

P. L. 

72 

26th August 
1925. 

Do. 

Do. 

(116) Upper Burma 
Oil Syndicate. 

Do. 

P.L. 

(renewal). 

76 

16th Novem¬ 
ber 1924. 

1 year. 

Do. 

(117) U. Ye . 

Do. 

P. L. 

(renewal). 

640 

10th Novem¬ 
ber 1924 

Do. 

Do. 

(118) Union Oil Co. . 

Do. 

P. L. 
(renewal). 

3,840 

21st January 
1925 

Do. 

D). 

(119) Burmah Oil Co , 
Ltd. 

Do. 

P. L. 
(renewal). 

2,259 

26th June 

1925. 

Do. 

Do. 

(120) Do. 

Do. 

P.L. 

(renewal). 

3,840 

2nd .1 une 

1925. 

Do. 

Do. 

(121) Do. 

Do. 

P. L. 
(renewal). 

320 

12th Septem¬ 
ber 1926. 

Do. 

Do. 

(122) Do. 

Do. 

P.L. 

(renewal). 

560 

Do. 

Do. 

Do. 

(128) Do. 

Do. 

P.L. 

(renewal). 

820 

Do. 

Do. 

Do. 

(124) Upper Burma 
Oil Syndicate. 

Do. 

P.L. 

(renewal). 

76 

16th Novem¬ 
ber 1926. 

Do. 


P, L . — Protecting Liceiw, A, - Mining Jam f. 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Teim. 

Magwe 


(126) Upper Burma 
OH Syndic ite. 

Natural petro¬ 

leum. 

P. L. 
(renewal). 

2,880 

1st Decem¬ 
ber 1925. 

l year 

Do. 


(126) Mr. Abdul Rah¬ 
man. 

Do. 

P. L. 

1,280 

27th July 
1925. 

2 years. 

Do. 

# 

(127) Burmah Oil Co., 
Ltd. 

Do. 

P. L. 

82 

• 

Do. 

Mandalay 


(128) Messrs. Steel 

Bros. <fr Co., Ltd., 
Rangoon. 

All minerals ex¬ 
cept oil. 

P. L. 

1,997 

1st October 
1925. 

1 year. 

Melktila 


(129) Mr. S.S. Bal¬ 
kar. 

Galena 

P. L. 

307 

26th May 

1925. 

Do. 

Do. 


(180) Mrs. Grace Smith 

All minerals ex¬ 
cept oil. 

P. L. 

8,200 

14th Septem¬ 
ber 1925. 

Do. 

Do. 


(131) Mr. Colin Camp¬ 
bell. 

Do. 

P. L. 

1,280 

9t.h Novem¬ 
ber 1925. 

Do. 

Do. 


(182) Burmah Oil Co., 
Ltd. 

Natural petro¬ 

leum. 

P. L. 
(renewal). 

1,860 

26th May 

1925. 

Do. 

Mergul 


(133) Mr. A. M. G. 
Forbes. 

Tin . 

P. L. 

689 

14th January 
1925. 

Do. 

Do. 


(134) Mr. Lira Shaln . 

All minerals ex¬ 
cept oil. 

P. L. 

665-3 

10tli Septem¬ 
ber 1926. 

Do. 

Do. 


(135) Messrs. Burma 
Finance and Mining 
Co., Ltd. 

Do. 

P. L. 

1,702 

8th April 

1920. 

Do. 

Do. 


(136) Mg. Choon 

Tin and allied 
minerals, 

P. L. 

1,167-12 

17th Septem¬ 
ber 1926. 

Do. 

Do. 


(137) Mr. Jas McGre¬ 
gor. 

Tin . 

P. L. 

1,190-4 

12th Februa- 
ary 1926. 

Do. 

Do. 


(138) Mr. Md. Hanlff 

Tin ore and other 
allied metals. 

P. L. 

1,843-2 

23rd Febru¬ 
ary 1926. 

Do. 

Do. 


(130) Ma Kyon 

Tin . 

P. L. 

163-94 

10th January 
1926. 

Do. 

Do. 


(140) Mr. .Too Seng . 

All minerals ex¬ 
cept oil. 

P. L. 

985-6 

1st August 
1925. 

Do. 

Do. 


(141) Do. 

Do. 

P. L. 

568-2 

22nd April 
1926. 

Do. 

f)o. 


(142) Do. 

Do. 

P. L. 

668-3 

Do. 

Do. 

Do. 


(143) Mr. Khaw Joo 
Tok. 

Tin and allied 
mineral*. 

P. L. 

1,280 

2nd April 

1925. 

Do. 

Do.” 


(144) Dr. San Moe . 

Do. 

P. L. 

161-3 

28th March 
1926. 

Do. 

Do. 


(145) Mr. A. S. Moha- 
med. 

Tin . 

P. L. 

778-2 

26th March 
1926. 

Do. 

Do. 


(146) Maung Choon . 

Tin and allied 
minerals. 

P. L. 

691-2 

4th August 
1925. 

l>o. 


P, L. <■» Prospecting License. M. L. ** Mining tease, 
• Sanctioned qn 23rd Deoember J9?5. 
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District. 

Grautoo. 

Mineral. 

Nature 

of 

grant. 

Area in acrcB. 

Date of 
commence¬ 
ment. 

Term. 

Mergui 

(147) Muting San Dun. 

Tin nd hilled 
minerals. 

P. L. 

189*4 

4th April 

1925. 

1 jeur. 

Do. 

(148) Mr. A. Herbert 
Noyes. 

Tin ore and allied 
metals. 

P. L. 

117-8 

31st July 

1925. 

Do. 

Do. 

(149) Mr. E. Ahmed . 

Tin ore 

P. L. 

192 

20th March 
1925. 

Do. 

Do. 

(150) Mating Po 

Tin . 

P. L. 

240-6 

18th May 

1925. 

Do. 

Do. 

(151) Mr. H.Kim Choo 

Tin and nllkd 
minerals. 

P. L. 

622*7 

20 th April 
1925. 

Da 

Do. 

(152) Mr. S, Warwick 
Smith. 

All minerals ex¬ 
cept mineral oil. 

r.L. . 

710*8 

26th Septem¬ 
ber 1925. 

Do. 

Do. 

(153) Mr. P. B. (). 
Watson. 

Tin and allied 
mlnera’s. 

P. L. 

1,047 

17 th Septem¬ 
ber 1925. 

Do. 

Do. 

(154) Ton Po Chit 

All mineral ex¬ 
cept oil 

P. L. 

280*7 

9 tli Septem¬ 
ber 1926. 

Do. 

Do. 

(155) Yoo Saiu Guan 

Tin and allied 
minerals 

P. L. 

590 

18th August 
1925. 

Do. 

Do. 

(156) Leong Poke Hyc 

Do. 

P. L. 

460*8 

2nd June 

1925. 

Do. 

Do. 

(157) Ma Kyon 

Tin . 

P. L. 

353*3 

20th May 

1925. 

Do. 

Do. 

(158) Mr. Joo heng . 

All minerals ex¬ 
cept oil. 

P. L. 

640 

17th Septem¬ 
ber 1925. 

Do. 

Do. 

(159) Mr. E. B. Milne. 

Do. 

P. L. 

! 

1,267*2 

20th Septem¬ 
ber 1925. 

Do. 

Do. 

(160) Leong Foie liyc. 

Tin and allied 
metals. 

''i- • 

747*5 

6th Septem¬ 
ber 1925. 

Do. 

Do. 

(161) Lee Quce ('lice . 

Do. 

P. L. 

029*8 

20th March 
1926. 

Do. 

Dc*. 

(162) Do 

Do. 

P. L. 

1,843*2 

22nd August 
1925. 

-;0. 

Do. 

(163) Do. 

Do. 

P. L. 

573*4 

20th May 

1025. 

Do. 

Do. 

(164) Do. 

Do. 

P. L. 

921*6 

22nd August 
1925. 

Do. 

Do. 

(165) Do. 

Do. 

I 1 . L. 

215 

20th May 

1925. 

Da 

Do. 

(166) Mn Kyon 

Tin . 

P. L. 

024 

30th July 

1925. 

Do. 

Do. 

(167) Mg. Kyln Bu . 

Tin and allied 
metals. 

P. L. 

87 

19th October 
1925. 

Do. 

Do. 

(168) Mating San Dun 

Tin . 

P. L. 

128 

3rd August 
192o. 

Do. 

Do. 

(169) Mr. A. Herbert 
Noyes. 

Caaslterite and 

allied minerals. 

P. L. 

057*9 

8th Septem¬ 
ber 1926. 

Do. 


P. L. - Protecting Licence . M, L. - Mining Lean, 
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District. 

Grantee. 

Mineral. 

Nature 

ot 

gra nt. 

Area in acres. 

Date of 
commence¬ 
ment. 

Term. 

Mergui 

(170) Mr. Joo Seng . 

Tin and allied 
minerals. 

P. L. 

122-9 

1st August 
1926. 

l year. 

Do. 

(171) L. Ah Foo 

Tin and allied 
metals. 

V. L. 

622-7 

21st October 
1926. 

Do. 

Do. 

(172) Mr. S. Warwick 
Smith. 

All mineral* ex¬ 
cept mineral oil. 

l». L. 

104-6 

17th Septem¬ 
ber 1926. 

Do. 

Do. 

(173) Mr. A. E. Ahmad 

Tin ore and other 
allied metals. 

1 *. 1 .. 

325-1 

f.th Novem¬ 
ber 1926. 

Do. 

Do. 

(174) Mesars. Mayan 
Chaung Alluvials, 
Ltd. 

Tin and allied 
minerals. 

P. L. 

380 1 

26tli October 
1926. 

Do. 

Do. 

(176) Mr. Khaw Joo 
lok. 

Do. 

P. L. 

463-4 

17th August 
1926. 

Do. 

Do. 

(176) Mr. Geo. W. Bow 
den. 

Tin ore and wol¬ 
fram. 

P. L. 

629-8 

4 th April 

1926. 

l>o. 

Do. 

(177) Mr. Joo Seng . 

Tin ore 

P. L. 

61-2 

21st October 
1925. 

Do. 

Do. 

(178) Do. 

Tin . 

P. L. 

220-2 

19th October 
1926. 

Do. 

Do. 

(179) Leong Ah Foo . 

Tin and allied 
minerals. 

P. L. 

642-7 

21st October 
1926. 

Do. 

Do. 

(180) Mr. A. Aziz Yu- 
noee. 

Tin . 

P. L. 

662-96 

6th Novem¬ 
ber 1925. 

Do. 

Do. 

(181) Mohamed Ghoee 

All minerals ex¬ 
cept mineral oil. 

P. L. 

337-92 . 

8th Decem¬ 
ber 1925. 

Do. 

Do. 

(182) Joo Seng . 

Do. 

P. L. 

3,280-72 

• 

Do. 

Do. 

(188) Mr. A. S. Maho¬ 
med. 

Tin ore 

M. L. 

384 

10th July 

1926. 

16 years. 

Do. 

(184) Ma Kyin Mya 
and Ma Lin. 

Tin and allied 
minerals except 
natural petro¬ 
leum. 

M. L. 

296-32 

24th October 
1924. 

80 years. 

Do. 

(185) In Sit Yan 

Tin and other 
minerals. 

P. L. 

(renewal). 

236-62 

17th January 
1926. 

1 year. 

Do. 

(186) Mr. J. I. Milne . 

All minerals ex¬ 
cept mineral oil. 

P. L. 

(renewal). 

1,441-28 

11th January 
1926. 

2 years. 

Do. 

(187) Mr. Chan Khain 
Look. 

Do. 

P. L. 
(renewal). 

860 16 

22ud Febru¬ 
ary 1926. 

1 year. 

Do. 

(188) Maung Po Thalk 
and 2. 

Tin . 

P.L v . 

(renewal). 

1,971-2 

24th April 
1926. 

Do, 

Do. 

(189) Tan Po Chit . 

All minerals ex¬ 
cept oil. 

P. L. 

(renewal). 

614-4 

80th July 

1926. 

Do. 

Do. 

(190) In Sit Yan 

Tin and other 
minerals. 

P. L. 
(renownl). 

624-64 

6th August 
1925. 

Do. 

Do. 

(191) Mr. C. - Chan 
Sbwe. 

All minerals ex¬ 
cept mineral oil. 

P. L. 
(renewal). 

1,484-8 

21st Jnly 

1926. 

2 years. 


P. L. — Proipeeting Licent*. M. L. m Mining It ate . 
• d on I7tk November 1025, 
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District. 

Grantee. 

Mineral. 

Natun 

of 

grant. 

Area in acre**. 

Date of 
commence¬ 
ment. 

Term. 

Mergul 

(102) Mr. J. i. Milne . 

\ 11 minerals exoej-t 
mineral oil. 

P. L. 

(renewal). 

634*88 

23rd July 

1025. 

2 yearu. 

Do. 

(193) Mr. Joo 8eng . 

All minerals ex* 
<ej>t oil. 

P. L. 

(renewal). 

47104 

10th hep tim¬ 
ber 1925. 

1 year. 

Do. 

(104) Mr. A. K. Ahmed 

Tin oi e 

P. L. 

(renewal). 

668 08 

Do. 

Do. 

Do. 

(106) Mr. E. Ahmed . 

Do. 

P. L. 
(renewal). 

1,000*06 

2nd October 
1925. 

Do. 

Do. 

(106) Mesurn. Beadon 
and Doupe. 

Tin and other 
minerals except 
mineral oil. 

P. L. 

(renewal). 

2,320*6 

10th .Novem¬ 
ber 1925. 

Do. 

Du. 

(107) Mr. Md. Haniif 

Tin . 

P. L. 
(renewal). 

1,336*32 

24th No\ em¬ 
ber 1925. 

Do. 

Miubu 

(106) Measrs. Burma 
Finance and Mining 
Co. 

All kinds of mine¬ 
rals including 
natural petro¬ 
leum. 

P. L. 

362*64 

3rd Novem¬ 
ber 1925. 

Do. 

Do, 

(100) Messrs. Burinah 
Oil Co., Ltd. 

Natural petro¬ 
leum. 

P. L 

(renewal). 

640 

23rd January 
1926. 

, Do. 

Do. 

(200) Indo-Bumiu 
Petroleum Co., Ltd. 

Do. 

P. L. 
(renewal). 

1,026-4 

5th January 
1926. 

Do. 

Do. 

(201) D. M. Akhoon . 

Do. 

P. L. 

(renewal). 

1,280 

18th May 

1926. 

Do. 

Mylngyan . 

(202) Burntah Oil Co., 
Ltd. 

Do. 

P. L. 

1,020 

10th June 

1026. 

2 yeans. 

Do. , 

(203) Do. 

Do. 

P. L. 

1,036-8 

26th March 
1926. 

Do. 

Do. • 

(204) Do. 

Do. 

P. L. 
(renewal). 

2,960 

6th July 

1025. 

1 year. 

Do. , 

(206) Do. 

Do. 

P. L. 

(renewal), j 

1,760 

7 th May 

1026. 

Do. 

Do. 

(206) Do. 

Do. 

P. L. 
(renewal). 

1,004*8 

31st July 

1026. 

Do. 

Do. 

(207) Do. 

Do. 

P. L. 
(renewal). 

1,440 

10th June 

1926. 

Do. 

Do. . 

(206) Maung Net A 1 

Do. 

F. L. . 

(roncwal). 

00*84 

3rd Novem¬ 
ber 1026. 

Do. 

Do. 

(200) Burinah Oil Co., 
Ltd. 

Do. 

P. L. 
(renewal). 

2,813-44 

22nd Decem¬ 
ber 1926. 

Do. 

Do. 

(210) Do. 

Do. 

1*. L. 

(renewal). 

1,580-16 

20th Decern- 1 
her 1926. 

Do. 

Do. « 

(211) Do. 

Do. 

P. L. 
(renewal). 

1,168*4 

17 th Septem¬ 
ber 1026. 

Do. 

Do. 

(212) Do. 

Do. 

P. L. 

(renewal). 

40*96 

20th Decem¬ 
ber 1024. 

Do. 

Do. 

(213) Do. 

Do. 

P.L. 

(renewal). 

2,612-44 

22nd Decem¬ 
ber 1024. 

Do. 


P. L. - ProijwMiiw 
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District. 

Urantec. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

Myltkyina . 

(214) Mr. C. W. Cha- 
ter. 

All minerals ex¬ 
cept oil. 

P. L. 

(renewal). 

8*32 

13th October 
1924. 

1 year. 

Northern 

Shan States. 

(216) Maung Khin 

Mating Momeik Saw- 
bwa. 

All kinds of mine¬ 
rals and preci¬ 
ous stones. 

P. L. 

274*66 

1st Septem¬ 
ber 1926. 

Do. 

Do. 

(216) Burma Corpora¬ 
tion Ltd., Namtu. 

Iron ore 

M. L. 

79-30 

22nd August 
1925. 

80 years. 

Do. 

(217) Do. 

D >. 

M. L. 

268*8 

22nd August 
1925. 

Do. 

Pakokku . 

(218) Indo-Burma 

Petroleum _Co., Ltd. 

Natural petro¬ 
leum. 

r. l. 

723*2 

• 

2 years. 

Do. 

(219) llurmah Oil Co., 
Ltd. 

Do. 

P. L. 

13,440 

t 

Do. 

Do. 

(220) Nath Sing Oil 
Co., Ltd. 

Do. 

P. L. 

4,089-6 

X 

Do. 

Do. 

(221) Messrs. E. Solo¬ 
mon A Son. 

Do. 

M. L. 

2,500 

10th Febru¬ 
ary 1926. 

80 years. 

Do. 

(222) Burmah Oil Co., 
Ltd. 

Do. 

P. L. 

(renewal). 

800 

7th Novem* 
ber 1924. 

1 year. 

Do. „ . 

(223) Mr. Colin Camp¬ 
bell. 

Do. 

P. L. 

(renewal). 

564*24 

22nd Novem¬ 
ber 1924. 

Do. 

Do. 

(224) MaZan . 

Do. 

P.L. 

(renewal). 

99-84 

29th June 

1926. 

Do. 

Shwebo 

(226) Indo-Burma 

Petroleum Co., Ltd. 

Do. 

P. L. 

6,080 

12th March 
1925. 

Do. 

Do. 

(226) Burmah Oil Co., 
Ltd. 

Do. 

P. L. 

4,704 

23rd Novem* 
her 1926. 

2 years. 

Do. 

(227) Indo-Burma 

Petroleum Co., Ltd. 

Do. 

P. L. 

5,113-6 

1 

1 year. 

Do. 

(228) Burmah Oil Co., 
Ltd. 

Do. 

P. L. 

(renewal). 

2,336 

25th Septem¬ 
ber 1924. 

Do. 

Do. 

(229) Do. 

Do. 

P.L. 

(renewal). 

2,310-4 

Do. 


Do. 

(230) Indo-Burma Pe¬ 
troleum Co., Ltd. 

Do. 

P. L. 

(renewal). 

5,440 

14th August 
1925. 

Do. 

Southern 

Shan 

States. 

(231) J. W. Byan 

All minerals ex¬ 
cept oil. 

P. L. 

512 

1 

June 1926 . 

Do. 

Do. 

(282) 0. T. Browne . 

Do. 

P. L. 

040 

18th August 
1926. 

Do. 

Do. 

(288) Knlaw Mining 
Syndicate. 

Do. 

P. L. 

3,200 

27th July 

1925. 

Do. 

Do. 

(284) Steel Broe. & 
Co., Ltd. 

Do. 

P. L. 

2,240 

26tb July 
1926. 

Do. 

Do. 

(236) Colin Campbell 

Do. 

P. L. 

1,920 

19th Novem¬ 
ber 1926. 

Da 


P. L. “ Prospecting Lice nee. M. L. •» Mining Lease. 

* Sanctioned on 28rd October 1924. t Sanctioned on 28rd December 1926, 
X Sanctioned on 26th August 1926. Sanctioned on 19th January 1926, 
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DlfTRICT. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

U 

Date of 
commence¬ 
ment. 

Term. 

Southern 
SI an 
States. 
Do. 


(S30) Captain C. R. 
Smith. 

(237) Colin Campbell 

All minor h ex¬ 
cept oil. 

Do. 

P. L. 

P. L. 

3,200 

806 

25th Septem¬ 
ber 1925. 

28th Novem¬ 
ber 1925. 

1 year. 

Do. 

Do. 


(238) Steel Bros. & 
Co., Ltd. 

Do. 

P. L. 

(renewal.) 

1,674*4 

1st June 

1925. 

2 years. 

Do. 


(239) Collu Campbell 

Do. 

P. L. 

(renewal.) 

2,880 

18th Decem¬ 
ber 1925. 

1 year. 

Tavoy 


(240) Ong Hoe Kyln . 

Tin and wolfram 

P. L. 

217*6 

15th Jan¬ 

uary 1925. 

Do. 

Do. 


(241) Mr. B. Ribben- 
trop. 

Do. 

P. L. 

640 

21st January 
1925. 

Do. 

Do. 


(242) Tavoy Tin Dredg¬ 
ing Corpn., Ltd. 

Tin . 

P. L. 

300*8 

2nd May 1925 

Do. 

Do. 


(243) Do. 

Do. 

P. L. 

179 2 

25th August 
1925. 

0 months. 

Do. 


(244) Mr. James M. 
Watt. 

Tin and wolfram 

P. L. 

040 

20th February 
1925 

1 year. 

Do. 


(245) Burma Finance 
and Mining Co., lAd. 

Do. 

P. L. 

1,280 

21st March 
1925. 

Do. 

Do. 


(240) Tavoy Tin Dredg¬ 
ing Corpn., Ltd. 

Tin . 

P. L. 

1,177 0 

28th May 1925 

Do. 

Do. 


(247) Mr. M. A. Musaji 

Tin and wolfram 

P. L. 

320 

13th February 
1925. 

Do. 

l>o. 


(248) Mr. Mamode 

Asaenjee. 

Do. 

P. L. 

390*8 

15th June 

1925. 

6 months. 

Do. 

• 

(249) Mr. J. W. New- 
bery. 

Do. 

P L. 

1,008 8 

18th June 

1925. 

1 year. 

Do. 


(260) Ong Hoe Kyln . 

Do. 

P. L. 

198-4 

10th July 

1925. 

Do. 

Do. 


(251) Mr. Wong Cheuk 

Do. . 

P. L. 

040 

23rd July 

1925. 

Do. 

Do. 


(262) Ma Yal . 

Do. 

P. L. 

300*8 

7 th Septem¬ 
ber 1925. 

Do. 

Do. 


(253) San Chit Swo . 

Do. 

P. L. 

014*4 

29th June 

1925. 

t Do. 

Do. 


(254) Ma Y1 . 

Do. • . 

P. L. 

040 

17th August 
1925. 

Do. 

Do. 


(256) Mr. J. \V r . Watt 

| 

Do. 

P. L. 

422*4 

19th October 
1925. 

Do. 

Do, 


(250) Maxing Ba Bwa 

Do. 

P. L. 

C 40 

13th August 
1925. 

Do. 

Do. 


(257) Mr. J. tT. Donpe 

Do. 

P. L. 

192 

16th October 
1925. 

Do. 

Do. 

• 

(258) Maxing Ngwe Thl 

Do. 

P. L. 

503-2 

Do. 

Do, 


P* L. ■■ Prospecting Licence. 3f. 7/. ■» Mining Lease. 
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BURMA— contd. 


District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
commence¬ 
ment. 

Term. 

Tfttoy 

(250) Ma Thein May . 

Tin and wolfram 

P. L. 

640 

18th Septem¬ 
ber 1926. 

6 months. 

Do. 

(260) Mrs. 8. Welling- 
ton. 

Do. 


P. L. 

896 

21st Septem¬ 
ber 1925. 

1 year. 

Do. 

(261) Maung Ngwe Thl 

Do. 


P. L. 

640 

17th Septem¬ 
ber 1925. 

Do. 

Do. 

(262) Mr. J. W. New- 
bery. 

Do. 


P. L. 

422-4 

10th Novem¬ 
ber 1925. 

Do. 

Do. 

(263) Mr. B. Ribbcn- 
trop. 

Do. 


P. L. 

640 

1st Septem¬ 
ber 1925. 

Do. 

Do. 

(264) Mr. H. Kim Chu 

Do. 


P. L. 

435-2 

30th Novem¬ 
ber 1925. 

Do. 

Do. 

(265) Finance Mining 
Co., Ltd. 

Do. 


P. L. 

288 

19th October 
1925. 

Do. 

Do. 

Do. 

(266) Mr. M. A. Musaji 

(267) Mr. H. Kim Chu 

Do. 

Do. 


P. L. 

r. L. 

409 6 

396-8 

30tli Novem¬ 
ber 1925, 

Do. 

6 months. 

1 year. 

Do. 

(268) Mrs. 8. Welling¬ 
ton. 

Do. 


P. L. 

384 

2nd Decem¬ 
ber 1925. 

Do. 

Do. 

(260) Ung Cheng Hong 

Do. 


P. L. 

844-8 

19th Decem¬ 
ber 1925. 

Do. 

Do. 

(270) Mr. All Adjim 
Sooratee. 

Do. 


P. L. 

537-6 

21st October 
1925. 

Do. 

Do. 

(271) Mr. W. C. Toma 

Do. 


P. L. 

569-6 

5th Decem¬ 
ber 1925. 

Do. 

Do. 

(272) Mr. All Adjim 
Boora tee. 

Do. 


P. L. 

352 

19th Decem¬ 
ber 1925. 

Do. 

Do. 

Do. 

(273) The Burma Fin¬ 
ance and Mining Co., 
Ltd. 

(274) Mr. J. J. A. Page 

Do. 

Cassiterite, 
fra mite 
gold. 

wol- 

and 

M. L. 

M. L. 

1,762-56 

179-84 

25th July 
1925. 

30th March 
1925. 

30 years. 

Do. 

Do. 

(275) Do. 

Oaasiterite . 


M. L. 

99-84 

31st March 
1926. 

10 years. 

Do. 

(276) Maung Ni Too . 

Wolfram and tin 

M. L. 

179-2 

17th Novem¬ 
ber 1925. 

25 years. 

Do. 

(277) Do. 

Do. 


M. L. 

155-84 

5th May 1925 

80 years. 

Do. 

(278) U. Maung Maung 

Do. 


M. L. 

640 

7th Septem¬ 
ber 1925. 

Do. 

Do. 

(270) Messrs. The 

Tavoy Tin Dredging 
Oorpn., Ltd. 

Tin . 


M. L. 

144 

4th Septem¬ 
ber 1926. 

Do. 

Do. 

(280) Mr. Lee Talk 
Seong. 

Wolfram and tin 
’ 

M. L. 

29312 

9th January 
1925. 

Do. 

Do. 

(281) Measts. * The 
Burma Flnanoe and 
Mining do., Ltd. 

Do. 


M. L. 

217-6 

11th August 
1926. j 

Do. 


P. L. — Protp e ding Licenm . M, L, — Mining Leaser 
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BURMA— contd. 


District. 



Nature 


Date of 


Grantee. 

Mineral. 

of 

Area In acres. 

commence- 

Term. 




grant. 


ment. 


Tavoy 

(282) Mr. A. W. Rw. 

W Ifram and tin 

P. L. 

1216 

21§f Februar; 

V 1 year. 



(renewal.) 


1925. 


Do. 

(281) Mr. J. T. Doupe 

All mineral* ex- 

P. L. 

1,433*6 

12th January 

Do. 


cept oil. 

(renewal) 


1925. 


Do. 

(284) Burma Finance 

Tin and wolfram 

P. L. 

499*2 

2nd January 

Do.- 


and Mining O,, Ltd,, 
formerly Mr. M. T. 


(renewal.) 


1925. 


Do. 

Duns tan. 

(286) Do. 

Do. 

P. L. 

(renewal.) 

192 

Do. 

Do. 



Do. 

(286) Quah Cheng 

All mineral* 

P. L. 

729-6 

Do. 

Do. 


Guan. 

except oil. 

(renewal.) 




Do. 

Do. 

(287) Do. 

Do. 

P. L. 

(renewal.) 

582-4 

Do. 

Do. 

(288) Mr. W. C. Toms 

Tin and allied 

P. L. 

633-6 

3rd March 

Do. 


me tain. 

(renewal.) 


1925. 


Do. 

(289) Mr. T. J. Mackey 

Tin and wolfram 

P. L. 

492-8 

8th March 

Do. 



(renewal.) 


1925. 


Do. 

(290) Mr. H. Kim Chu 

Tin and allied 

P. L. 

192 

25th March 

Do. 


minerals. 

(renewal.) 


1925. 


Do. 

(291) Maung Ni Too . 

All minerals 

P. L. 

96 

20th March 

Do. 


except oil. 

(renewal.) 


1925. 


Do. 

(292) Quah Cheng Tock 

Do. 

P. L. 

864 

12 th Juno 

| Da 



(renewal.) 


1925. 


Do. 

(293) Quah Cheng 

Do. 

P. L. 

256 

24th Juno 

Do. 


Guan. 


(renewal.) 


1925. 


Do. 

(294) U. Maung Maung 

Tin and wolfram 

P. L. 

473-6 

25th Jane 

Do. 


i 

(renewal.) 


1925. 


Do. 

(295) Mr. W. C. Toro* 

All mineral* 

P. L. 

633-6 

10th July 

Do. 

• 

exoopt oil. 

(renewal.) 


1925. 


Do. 

(290) Mr. H. Reily • 

Tin and other 

P L. 

396-8 

24th July 

Do. 


mineral*. 

(renewal.) 


1925. 


Do. 

(297) U. Maung Maung 

Tin and wolfram 

P. L. 

320 

15th Septem¬ 

Do. 



(renewal.) 


ber 1925. 


Do. 

(298) Mr. A. W. Roar 

Tin . 

P. L. 

160 

0th October 

6 months. 



(renewal.) 


1925. 


Do. 

(293) Ma Yal . 

T>n and wolfram 

P. L. 

640 

8th Novem¬ 

1 year. 



(renewal.) 


ber 1921 


Thaton 

(800) Mr. B. R. Fer¬ 

All minerals 

P. L. 

247 08 

29th May 

Do, 


nandes. 

except oil. 



. 1925. 


Do. 

(801) Maung tu 

Do. 

P. L. 

480 

22nd June 
1925. 

Do. 

Do. 

(802) Mr. A. Rahim . 

Do. 

P. L. 

2,456 

21st October 
1925. 

Do. 

Thayetmyo 

(803) Messrs. Indo- 

Natural petroleum 

P. L. 

8,960 

9th February 

2 years. 

Burma Petroleum 
Oo., Ltd. 



1925. 




Do. 

(804) Messrs. Indo- 

Do. 

P. L. 

633-6 

2nd January 

1 year. 


Burma outbids, Ltd. 




1925. 



P L. - Pttqprtine Lteenis M. L. - Mini* f !<•»«. 

D 2 
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District. 

Giantee. 

Mineral. 

Natme 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

Tliayetmyo. 

(305) Messrs. Burmnh 
Oil Co., Ltd. 

Natural petroleum 

P.L. 

3,280 

6th August 
1925. 

2 years. 

1)0. 

(306) U. Shwe Ni, 
Agent of Chw-a 

Maung Pike. 

Chromite . 

P. L. 

2,444-8 

81st July 
1925. 

1 year. 

Do. 

(307) C. M. Jcewajee, 
Allanmyo. 

Natural petroleum 

P.L. 

06 • 

1st May 1925 

2 years. 

Do. 

(308) Messrs. Indo- 
Biirma Oilfields, 
Ltd. 

Do. 

P. L. 

(renewal 1 ) 

960 

12th March 
1924. 

1 year. 

Do. 

(309) Do. 

Do. 

P. L. 

(renewal.) 

640 

6th October 
1921. 

Do. 

Do. 

(310) Maung Hint- Bu 

Do. 

P. L. 

(renewal.) 

108- 4 

15th Se ptem- 
ber 1924. 

Do. 

Do. 

(311) Do. 

Do. 

P. L. 

(renewal.) 

90 

Do. 

Do. 

Do. 

(312) Cliwi Miumg 

Pike 

Do. 

P. 1 . 

(renewal ) 

90 

12th October 
1924. 

Do. 

Do. 

(313) Mr. Howland 
Ally. 

Do. 

P. L. 

(renewal.) 

3,008 

13th Jan¬ 

uary 1925. 

Do. 

Do. 

(314) Mr. Omer Abu 
Pucker aha* Maung 
Ba Kynw. 

Do. 

P. L. 

(renewal.) 

2,560 

23rd February 
1925. 

Do. 

Do. 

(315) Ismail Abu 
Ahmed. 

Do 

P. L. 

(renewal.) 

2,400 

15th Jan¬ 
uary 1926. 

Do. 

Do. 

(310) Messrs Indo- 
Burma Oilfields, 

Ltd. 

Do. 

P. L. 

(renewal.) 

960 

12th Marcli 
1925. 

Do. 

Do. 

(317) Mr. Colin Camp¬ 
bell, Rangoon. 

Do. 

P. L. 

(renewal.) 

1,420-8 

11th July 

1925. 

Do. 

Do. 

(318) Messrs. Indo- 
Burma Oilfields, 

Ltd. 

Do. 

P. L. 
(renewal.) 

2,560 

12th July 

1925. 

Do. ' 

Do. 

(319) Chwa Maung 
Pike. 

Do. 

P. L. 
(renewal.) 

96 

12tli October 
1925. 

Do. 

Tjungoo 

(320) Capt. B. L. Bill 

All minerals 

except oil. 

P. L. 

(renewal. ) 

640 

22nd Feb¬ 

ruary 1925. 

Do. 

Upper Chind- 
win. 

(321) Messrs. The Indo- 
Burma Petroleum 
Co., Ltd. 

Natural petroleum 

P. L. 

2,56ft 

17th March 
1926. 

Do. 

Do. - . 

(322) Coalfields of 

Burma, Ltd. 

Coal . 

P. L. 

(renewal.) 

704 

19th June 
1925. 

Do. 

Do. 

(3231 The Indo-Burma 
Oilfields, Ltd. 

Natural petroleum 

P. L. 
(renewal.) 

3,200 

11th July 

1925, 

DO. 

Do. 

(324) The Burmah Oil 
Co., Ltd. 

Do. 

P. L. 
(renewal.) 

1,700 

28th Augujl 
1025. 

Do. 

Do. 

(325) Indo-Burma 
Petroleum Co., Ltd. 

Do. 

P. L. 
(renewal.) 

640 

6th Ootobpi 
1926. 

• Do. 

Yamethln . 

(326) Mr. A. C. Martin 

All minerals 

except oil. 

P. L. 

1,655-5 

24th October 
1925. 

Do. 


P. L. » Pro*peding Lic$nu. M, l. *■ Mining lean. 
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CENTRAL PROVINCES. 


District, 

Grantee. 

1 

| Mineral. 

Nature 

of 

Riant. 

Area in acres. 

Date of 
commence¬ 
ment. 

Term. 

Balaghat , 

(327) Rai Sahib L. 
Chhajuram. 

Manganese . 

• 

P. L. 

65 

5th January 
1925. 

1 year. 

Do. 

(32J) Mr. Sharaji 
Naranjl. 

Do. 

P. L. 

8 

6th January 
1925. 

Do. 

Do. 

(32)) Pandit Kripa- 
Bhankar. 

Do. 

P. L. 

451 

lo. 

Do. 

Do. 

(330) Pandit Rewa- 
Bhankar. 

Do. 

M. L. 

131 

1st September 
1915. 

80 years. 

Do. 

(331) Messrs. M. B. 
Chopra. 

I)o. 

M. L. 

17 

27th March 
1925. 

5 years. 

Do. 

(332) Messrs. B. P. By- 
ramjl and Company. 

Do. 

M. L. 

17 

21st January 
1925. 

Do. 

Do. 

(333) Pandit Kripa- 
shankar. 

Do. 

M. L. 

6 

20th January 
1925. 

10 years. 

Do. 

(334) Pandit ltewa- 
shankar. 

Do. . 

P. L. 

28 

24th Febru¬ 
ary 1925. 

lyear. 

Do. 

(336) Messrs, ltam- 
narain and Seth 
Jagannath. 

Do. 

P. L. 

415 

30th June 
1925. 

Do. 

Do. 

(336) Seth Chogmnl 
Kocher. 

Do. 

M. L. 

126 

19th March 
1925. 

30 years. 

Do. 

(337) Diwan Bahadur 
Seth Bailabhdas. 

Do. 

P. L. 

42 

13th January 
1925. 1 

1 year. 

Do. 

(338) Mr. Syed Mlulia- 
Juddin Ahmed. 

Do. 

P. L. 

258 

28th March I 
1925. I 

Do. 

Do. 

(339) Rao Sahib L. 
Clihajuram. 

Do. 

P. L. 

210 

2nd January 
1926. 

Do. 

Do. 

(340) Messrs. B. P. By- 
ramji and Company. 

Do. 

M. L. 

1 

11th May 

1925. 

1 6 years. 

| 

Do. 

(341) Messrs. Tata Iron 
and Steel Company. 

Do. 

M. L. 

678 

30th July 

1924. 

30 years. 

Do. 

(342) Mr. 8yed Minha- 
Juddin Ahmed. 

Do. 

1 

P. L. 

258 

11th Febru¬ 
ary 1925. 

1 year. 

• Do. 

(343) Pandit Rewa- 
shankar. 

| Do. 

M. L. 

30 

21st July 

1925. 

15 yean. 

Do. 

(344) Jfesars. B. Fouz- 
dar Brothers. 

Do. 

P. L. 

25 

28th March 
1925. 

1 year. 

Do. 

(845) Messrs. Bamrath- 
mal Ratanchand. 

Do. 

P. L. 

00 

22nd Febru¬ 
ary 1925. 

Do. 

Do. 

(346) Messrs. Wasudeo 
Shrawanji. 

Do. 

P. L. 

16 

30th January 
1925. 

Do. 

Do. 

(847) Mr. P N. Oke . 

Do. 

P. L. 

23 

8rd March 
1025. 

Do. 

Do. 

(348) Messrs. B. P. By- 
ramjl and Company. 

Do. 

M. L. 

18 

26th August 
1924. 

5 years 

Do. 

(849) Mr. Erachsha . 

Do. 

P. L. 

54 

22nd May 
1925. 

1 year. 


P. L. m Prorptatinq Item. U. £. - Mining Uste, 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acre*. 

| Date of 

commence- 
i ment. 

Term. 

Balaghat 

• 

(360) Hr. M. B. Mar- 
fatla. 

Manganese . 

P.4 . 

29 

6th March 
1926. 

1 year. 

Do. 


(361) Mr. Brachaha . 

Do. 

P. L. 

178 

6th Febru¬ 
ary 1926. 

Do. 

Do. 


(862) Beth Ganeshial 
Balbhadca. 

Do. 

P. L. 

136 

28th March 
1926. 

Do. 

Do. 


(363) Do. 

Do. 

P. L. 

34 

6th January 
1926. 

Do. 

Do. 


(364) Seth Ganeshial 
Ramohand. 

Do. 

P. L. 

41 

Do. 

Do. 

Do. 


(866) Seth Shreer&m . 

Do. 

M. L. 

22 

17th March 
1926. 

16 vear= 

Do. 


(366) Ueun. Gupta A 
Sons. 

Do. 

P. L. 

27 

6th January 
1926. 

1 year. 

Do. 


(367) Mr. Abdur Ra- 
htm Khan. 

Do. 

P.L. 

5 

Uth Febru¬ 
ary 1926. 

Do 

Do. 


(368) Messrs. N. D. Zal 
and Brothers. 

Do 

P. L. 

7 

8th May 1026 

Do. 

Do. 


(369) Do. 

Do. 

P. L. 

16 

8th May 1026 

Do. 

Do. 


(360) Mr. Abdur Ra¬ 
him Khan. 

Do. 

M. L. 

38 

3rd March 
1026 

30 years. 

Do. 


(861) Beth Protap 
Laxmlram. 

Do. 

P. L. 

162 

16th January 
1926. 

1 year. 

Do. 


(862) Do. 

Do. 

P. L. 

38 

Do. 

Do. 

Do. 


(368) Messrs. Gupta A 
Sons. 

Do. 

P. L. 

20 

6th January 
1926. 

Do 

Do. 


(864) Messrs. Bamrath- 
mal Ratanchand. 

Do. 

P. L. 

48 

3rd August 
1925. 

Do. 

Do. 


(866) Mr. P. N. Oke . 

Do. 

P. L. 

161 

22nd January 
i 1925. 

Do. 

Do. 


(866) Mam. Gupta A 
Sons. 

Do. 

P.L. 

64 

18th March 
1926. 

1 year. 

Do. 


(867) Messrs. Bamrath* 
mat Ratanchand. 

Do. 

P. L. 

112 

20th July 

1925. 

Dc. 

Do. 


(868) Mr. Paramanand 
Dayaram. 

Do. 

P. L. 

12 

16th January 
1926. 

Do. 

Do. 


(369) Pand) Rewa- 

shankar. 

Do. . 

M. L. 

19 

9th June 
1926. 

10 years. 

Do. 


(370) Sir M. B. Dada- 
bhoy, Bar,-at-Law, 
Nagpur. 

Do. 

P.L. 

76 

6th March 
1925. 

1 year. 

Do. 


(871) Do. 

Do. 

P. L. 

626 

Do. 

Do. 

Do. 


(372) Do. 

Do. . . 

P.L. 

11 

Do. 

Do. 

Do. 


(878) Do. ’ 

Do. 

P. L. 

7 

6th March 

Do. 


P. h. m PmpttAiny Lieem, if. L. - irtnity isp*, 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

Balaghat 

. 

(874) Mr. Erachshah . 

Manganese . 

P. L. 

32 

5th Febru¬ 
ary 1025. 

1 year. 

Do. 


(875) Do. 

Do. 

P. L. 

166 

22nd May 
1025. 

Do. 

Do. 

• 

(876) Messrs. B. P. By- 
ramji <fe Co. 

Do. 

M. L. 

4 

21st January 
1925. 

6 years. 

Do. 


(877) Do. 

Do. 

M. L. 

2 

Do. 

Do. 

Do. 


(878) Do. 

Do. 

M. L. 

18 

28th October 
1025. 

Do. 

Do. 


(870) Messrs. Abdul 
Hussain Mulla Alla- 
burjl and Jamsetjl 
BUllmorla. 

Do. 

P. L. 

115 

3rd March 

1025. 

1 year. 

Do. 


(880) Do. 

Do. 

P. L. 

22 

80th January 
1925. 

Do. 

Do. 


(381) Mr. Permanand 
Days tam. 

Do. 

P. L. 

46 

7th March 
1025. 

Do. 

Do. 


(882) Seth Shreeram . 

Do. . 

M. L. 

56 

17th March 
1925. 

5 years. 

Do. 


(383) Seth Ganeehlal 
Ramchand. 

Do. 

P. L. 

3 

28th March 
1925. 

1 year. 

Do. 


1 

(381) Seth Budharsao 

Do. 

P. L. 

30 

26th Febru¬ 
ary 1025. 

Do. 

Do. 


(385) Mr. R. S. Sukhla 

Do. 

P. L. 

10 

Do. 

Do. 

DO. 


(386) Seth Ganeshlal 
Ramchand. 

Do. 

P. L. 

84 

28th March 
1025. 

Do. 

Do. 


(387) Mr. Chandanlal 

Do. 

P. L. 

671 

13th Febru¬ 
ary 1025. 

Do. 

DO. 


(388) Mr. M. B. Mar 
fatia. 

Do. 

P. L. 

210 

30th January 
1025. 

Do. 

Do. 


(880) Messrs. Lai Behari 
Ramcharan. 

Do. 

P. L. 

50 

0th April 

1025. 

Do. 

Do. 


(390) Do. 

Do. 

P. L. 

50 

Do. 

Do. 

Do. 


(301) Mr. Parma nand 
( Dayaram. 

Do. 

P. L. 

51 

21st April 
1925. 

DC, 

Do. 


(802) Do. 

Do. 

P. L. 

92 

16th Febru¬ 
ary 1025. 

x*. 

Do. , 


(303) Messrs. Punam- 
chand Klshanlal. 

Do. 

P. L. 

403 

24th Febru¬ 
ary 1025. 

Do. 

Do. 


(304) Mr. Parma nand 
Dayaram. 

Do. 

P. L. 

16 

14th May 

1025. 

Do. 

Do. 


(805) R. 8. Seth 
Gowardhan Dass. 

Do. 

P. L. 

171 

26th Febru¬ 
ary 1025. 

Do. 

Do. 


(306) Messrs. B. P. By- 
ramji <k Oo. 

Do. 

P. L. 

80 

22nd June 
1025. 

Do. 


J\ L. - Protecting Lioente, 


M, L, « Mining Leotf, 
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District. 

Grantee. 

Mlnern1 

Nature 

ot 

Brant 

Area in acre*. 

Date o t 
commence¬ 
ment. 

Term. 

Talaghat . 

(307) R. S. D. Laxnil 
Narayan. 

Man aneso . • 

r. l. 

267 

24th Febru¬ 
ary 1926. 

1 yeui. 

Do. 

(J9S) Seth (ianeslilal 
Ramchand. 

Do. 

P. L. 

23 

28th March 
1925. 

Do. 

Do. 

(399) Messrs. B. 1\ By- 
iamji A Co. 

Do. 

M L. 

22 

21 at January 
1925. 

4 years 
and 

10 months 

Do. 

(400) Sunder la I Gol- 

chha. 

Do. 

r. l. 

21 

11th Febru¬ 
ary 1926. 

1 year. 

Do. 

(401) Mr. M. B. Mai- 
fatla. 

Do. 

P. L. 

129 

5th March 

1925 

Do. 

Do. 

(402) Do. 

Do. 

r. l. 

196 

30th January 
1925. 

Do. 

Do. 

(403) Mr. P. N. Ohe . 

Do. 

I*. L. 

17 

9th May 1925 

Do. 

Do. 

(404) Seth Budharsao 

Do. 

P. L. 

123 

3rd March 

1026. 

Do. 

Do. 

(405) Messrs. Martin 
<k Co. 

Do. 

P. L, 

27 

22nd June 
1925. 

Do. 

Do. 

(406) Do. 

Do. 

P. L. 

76 

Do. 

Do. 

Do. 

(407) Messrs. Samrath- 
mal Ratanchand. 

Do. 

P. L. 

101 

20th July 

Do. 

Do. 

(408) Seth Budharsao 

Do. 

P. L. 

311 

14th Septem¬ 
ber 1926. 

Do. 

D\ 

(409) Seth Chunnilal 
Sao. 

Do. 

P. L. 

13 

24th Febru¬ 
ary 1926. 

Do. 

Do. 

(410) Mr. Sunderlal 
Golchha. 

Do. 

P. L. 

113 

6th May 1926 

Do. 

Do. 

(411) The Netra Man¬ 
ganese Company, 
Ltd. 

Do. 

P. L. 

12 

4th July 1925 

Do. 

Do. 

(412) Mi. Chandanlal 

Do. 

P. L. 

267 

22nd Febru¬ 
ary 1926. 

Do. 

Do. 

(418) Mr. M. B. Mar- 
fatia. 

Do. 

P. L. 

166 

8th February 
1925. 

Do. 

Do. 

(414) Mr, P. N. Oke . 

Do. 

P. L. 

48 

24th Febru¬ 
ary 1926. 

Do. 

Do. 

(415) Do. 

Do. 

P. L. 

17 

9th May 1925 

Do. 

Do. 

(416) Mr. Ganpat Bao 
Laxman Bao. 

Do. . . i 

! 

P. L. 

296 

3rd August 
1925. 

Do. 

Do. 

(417) Mr. C. B. Harris 

Do. 

P. L. 

46 

1st April 

1925. 

Do. 

Do. . 1 

(418) Messrs. Chenl- 
ram Jesraj. 

Do. 

P. L. 

82 

26th May 

1925. 

Do. 

Do, 

(419) Seth Chunllal 
Sao. 

Do. 

P. L. 

791 

11th Febru¬ 
ary 1925. 

DO. 

Do. 

(420) Messrs. Nosher- 
wanji and Ardesbir. 

Do. 

P. L. 

90 

25th May 

1926. 

Do. 


P, L. - Prospecting Ifarm] L , «■ Mining Le§fe. 
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DlSI RIOT. 

Grantee. 

Mineral. 

Balaghat 

(421) Pandit Eowa- 
sbankar. 

Manganese 

Do. 

(422) Eli Hahib A. P. 
Bnargawa. 

Do. 

Do. 

(423) Mr. M. B. Mar- 
fatia. 

Do. 

Do. 

(424) Pandit Ecwa- 
shankur. 

Do. 

Do. 

(425) Messrs. Noehcr- 
wanji and Ardeshi 
Brothers. 

Do. 

Do. 

(420) Mr. S. R. Pandit 

Do. 

Do. 

(427) Mr. P. N. Oko . 

Do. 

Do. 

(428) Mr. Sainlulla 

Khan. 

Do. 

Do. 

(420) Mr. C. 8. Harris 

Do. 

Do. 

(430) Messrs. B. P. By- 
ramjl A Go. 

Do. 

Do. 

(431) Mr. P. N. Oke . 

Do. 

Do. 

(432) Seth Chunnilal 
Sao. 

Do. 

Do. 

(433) Seth Budharsao 

Do. 

Do. 

(434) M«*ars. B. P. By- 
ramjl & Go. 

Do. 

Do. 

(435) Mr. Abdul Ea- 
him Khan. 

Do. 

Do. 

(438) Do. 

Do. 

Do. 

(437) Bao Sahib Seth 
Uowardhan Das. 

Do. 

Do. 

(438) Mr. Shamjl 

Narayanjl. 

Do. 

Do. 

(430) Mr. Shamjl 

Narayanjl 

Do. 

Do. 

(440) Mesars. Nourojee 
Eustamjee and M. 
Chakra bar ty. 

Do. 

Do. 

(441) Messrs. Chen lram 
Jesraj. 

Do. 

Do. 

(442) Messrs. Gan- 
patsao Dhanpatsao. 

• ‘I 

P, L, Prospecting License, 


Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

P. L. 

18 

14th May 

1025. 

1 year. 

P. L. 

170 

30th March 
1025. 

Do. 

P. L. 

106 

0th April 

1925. 

Do. 

P. L. 

240 

20th July 

1925. 

Do. 

P. L. 

174 

25th May 

1925. 

Do. 

P. L. 

811 

21st April 

1925. 

Do. 

M. L. 

42 

23rd May 

1925. 

30 years. 

P. L. 

03 

8th May 1925 

1 year. 

P. L. 

26 

1st April 

1925. 

Do. 

M. L. 

20 

24th January 
1925. 

6 years. 

M. L. 

' 19 

23rd May 

1925. 

30 years. 

P. L. 

25 

8th May 1925 

1 year. 

P. L. 

310 

28th October 
1925. 

Do. 

P. L. 

161 

15th April 

1925. 

Do. 

P. L. 

8 

11th Febru¬ 
ary 1925, 

Do. 

P. L. 

0 

6th March 
1925. 

Do. 

M. L. 

3 

21st Septem¬ 
ber 1025. 

10 years. 

M. L. 

8 

6th October 
1925. 

5 yean. 

M. L. 

7 

5th October 
1925. 

5 years. 

P. L. . 

38 

30th August 
1925. 

1 year. 

P. L. 

354 

3rd April 1926 

Do. 

P. L. 

37 

8th October 
1925. • 

Do. 

M. L, w Mining Lease , 
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DIOTWOT. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acre a. 

Date of 
commence¬ 
ment. 

Term. 

Balaghat • 

(448) Seth Shreeram . 

Manganese 

M. L. 

10 

4th July 1925 

Will expire 
with the 

Do. 

/444) Helen. Gan- 
pateao Dh&npateao. 

Do. 

P. L. 

225 

8th October 
1925. 

mining 
lease 
dated the 
80th Mar. 
1922, to 
which it 
. is supple¬ 
mentary. 

1 year. 

Do. 

(445) Thakur Naslb 
Singh. 

Do. 

P. L. 

104 

18th June 
1925. 

Do. 

Do. 

(446) Mr. Saminlla 
Khan. 

Do. 

P. L. 

79 

8th April 

1925. 

Do. 

Do. 

(447) Pandit Kripa- 
shankar. 

Do. 

P. L. 

66 

8th October 
1925. 

Do. 

Do. 

(448) Bat Sahib Seth 
Gowardhan Das. 

Do. 

M. L. 

20 

9th July 

1926. 

10 years. 

Da 

(449) Bal Sahib A. P. 
Bhargava. 

Do. 

M. L. 

103 

28th May 

1925. 

30 yean. 

Do. 

(460) Do. 

Do. 

M. L. 

100 

Do. 

Do. 

Do. 

(461) Pandit Bewa- 
shankar. 

' Do. 

P. L. 

72 

14th May 

1925. 

1 year. 

Do. 

(462) Do. 

Do. 

P. L. 

11 

D>. 

Do. 

Do. 

(468) Mr. Ghandanlal . 

Do. 

P. L. 

8 

15th April 

I 1025. 

Do. 

Do. 

(464) Seth Balbhadra- 

aao. 

Do. 

P. L. 

281 

5th May 1925 

Do. 

Do. 

(465) Mr. M. B. 
Marfatta. 

Do, 

P. L. 

16 

1 6th April 1925 

Do. 

Do. 

(456) Do. 

Do. 

P. L. 

173 

12th October 
1925. 

Do. 

Do. 

(467) Pandit Kripa- 
shankar. 

Do. * . 

P. L. 

67 

25th May 

1925. 

Do. 

Do. 

(458) Meten. B. P. 
Byramjl <fe Co. 

Do. 

M. L. 

11 

23rd February 
1925. 

5 yean- 

Do. 

(459) Mr. M. B. 
Marfatla. 

Do. 

P. L. 

36 

28th March 
1926. 

1 year. 

Do. 

(460) Pandit Kripa- 
shankar. 

Do. 

P. L. 

266 

22nd June 
1925. 

Do. 

Do. 

(461) Seth Bndhar Sao 

Do. 

P. L. 

78 

18th July 

1925. 

Do. 

Do. 

<462) The Netaa Man- 
ganete Oo., Ltd. 

Do. . .; 

M.L. 

- 69 

• 2nd October 
1925. 

30 years- 

Do. 

(463) Meurs. Noeher- 
wanjl Ardeebir 

Brothers. 

Do. 

u 

10 

25th August 
1925. 

1 year. 


f>. L. - Protptetiny IAaim. K. 1 . - Mining Leatf 
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CENTRAL PROVINCES— contd. 


-1 

District. 

Grantee. 

Mineral. 

Nature 

oi 

jrrn nt. 

Area inncrc*. 

Date of 
commence* 
ment. 

Term. 

UaLigtat 

(464) Thakur Nasib 
8lngh. 

Manganese . 

P. L. 

■a 

18th Jnne 

1925. 

1 year. 

Do. 

(406) Dr. B. D. Vyas . 

Do. 

P. L. 


5th May 1925 

Do. 

Do. 

(466) Do. 

Do. 

P. L. 


Do. 

Do. 

Do. 

(407) Seth MlshrlUl 
Meghraj. 

Do. 

P. L. 


22nd May 

1925. 

Do. 

Do. 

(468) Pandit Rewa- 
thankar. 

Do. 

P. L. 

6 

20th July 

1925. 

Do. 

Do. 

(460) Meaers. Cheniram 

J 68 raj. 

Do. 

P. L. 

61 

17 th August 
1925. 

Do. 

Do. 

(470) Mr.' M. B. 

Marfa tia. 

Do. 

P. L. 

49 

18th July 

1925. 

Do. 

Do. 

(471) Mr. Samlulla 
Khan. 

Do. 

P. L. 

488 

25th August 
1925. 

Da 

Do. 

(472) 8eth Ganeshlal 
an 1 Seth Balbhadra. 

Do. 

P. L. 

31 

30th June 

1925. 

Do. 

Do. 

(473) B(r. Chandanlal . 

Do. 

P. L. 

180 

D>. 

Do. 

Do. 

(474) Do. 

Do. 

P. L. 

39 

26th June 

1925. 

Do. 

Do. 

(475) Mr. Abdur Rahim 
Khan. 

Do. 

P. L. 

56 

22nd Decem¬ 
ber 1925. 

Do. 

A>0 

(476) Do. 

Do. 

P. L. 

30 

Do. 

Do. 

D . 

(477) Mr. M. B. 
Marfatla. 

D3. 

P. L. 

79 

30th June 

1925. 

Do. 

Do. 

(478) Mr. Mohomed 
Anwar Pasha. Minor 
guardian Munshi 8. 
Allimiddin. 

Do. 


106 

30th October 
1925. 

Do. 

Dc. 

(4 kLi Mr ' 8am,tllU 

Do. 


76 

18th Septem¬ 
ber 1925. 

Do. 

Do. 

(480) Pandit Kripa- 
thankar. 

Do. 


57 

11th July 

1925. 

Do. 

Do. 

(481) Mr. M. B. 
Marfatta. 

Do. 

P. L. 

75 

10th August 
1925. 

DL 

Do. 

(482) Do. 

Do. 

P. L. 

94 

28th Septem¬ 
ber 1925. 

Do. 

Do. 

(483) Do. 

Do. 

P. L. 

57 

9th August 
1925. 

Do. 

Do. 

(484) 8yed Minha* 
jiddin Ahmed. 

Do. 

H 

7 

11th Decem¬ 
ber 1925. 

Do. 

Do. 

(486) Mr. SaminUa 
Khan. 

Do. 

■ 

25 

15th October 
1925. 

Do. 

Do. 

(486) Mem. Bhagwan- 
dee n and M. A. 
Raxaque. 

Do. 


50 

10th August 
1925. 

Do. 


P. L , - Pro tpe ding Lioeim 


M. L. '«■ Mining Ltau. 
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Balaghat 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do. 

Do. 


(487) air. C. S. i'arris 


(488) Messrs. Martin 
Co. 

(489) Pandit Re wa¬ 
sh* rkar. 

(490) Mr. M. B. 
Marfa tia. 

(491) Mr. Samiulla 
Khan. 


(494) Tliakur Nasib 
Singh. 

(495) Seth Bhudhar- 
sao. 

(49 ) Do. 

(497) Do. 

(408) Messrs. Nosher- 
wanji and Ardeshir 
Brothers. 

(499) Mr. P. N. Oke . 

(500) Mr. M. B. 
Marfa tia. 

(501) Pandit Kripa- 
shankar. 

(502) Mr. Syed Minha- 
juddin Ahmed. 

(503) Mr. G. E. Muller 


(504) Thakur Nasib 
Singh. 

(505) Mi. Ganpatsao 
Dnanpatsao. 

(506) Thakur Nasib 
Singh. 

(507) Mr. C. 8tanley 
Harris. 

(508) Mr. Samiulla 
Khan. 

(509) Seth Budharsao 


Mineral. 

Natnre 

ol 

grant. 

Area inaereo. 

Date of 
commence¬ 
ment. 

Maiganese . 

M. L. 

67 

11th Septem¬ 
ber 192 d. 

Do. 

P. L. 

12 

11th Decem¬ 
ber 1925. 

Do. 

P. L. 

6'* 

28th October 
1925. 

Do. 

P. L. 

183 

28th Septem¬ 
ber 1925. 

Do. 

P. L. 


18th Septem¬ 
ber 1925. 

Do. 

P. L. 

59 

.15th October 
1925. 

Do. 

P. L. 

63 

25th August 
1925. 

Do. 

P. L. 

170 

D). 

Do. 

P. 

401 

D». 

Do. 

P. L. 

18 

10th August 
.1925. 

Do. 

P. L. 

43 

30th August 
1925. 

Do. 

P. L. 

25 

25th August 
1925. 

Do. 

P. L. 

17 

D). 

Do. 

P. L. 

22 

28th August 
1925. 

Do. 

P. L. 

107 

Do. 

Do. 

M. L. 

4 

30th Novem¬ 
ber 1925. 

Do. 

M. L. 

94 

5th October 
1925. 

Do. 

P. L. 

346 

16th Septem¬ 
ber 1925. 

Do. 

P. L. 

1 

13th Novem¬ 
ber 1925. 

Do. 

P. L. 

236 

16th Septem¬ 
ber 1925. 

Do. 

M. L. 

30 

19th Novem¬ 
ber 1925. 

o 

. 4 

P. L. 

67 

20th Decem¬ 
ber 1925. 

Do. 

P. L. 

41 

10th August 
1925. 




l. -» PiQipecting M. L. m Mining Lfate, 
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CENTRAL PROVINCES— contd. 


District. 

Grantee. 

Mineral. 

Natnre 

of 

grant. 

Area in acres. 

Date of 
commence* 
mcnt. 

Term. 

Balaghat 

(510) Mr. M. B. 
Marfatia. 

Manganese 

B. L. 

100 

9th Decem¬ 
ber 1925. 

l year. 

Do. 

(511) Mr. C. 8. Harris 

Do. 


41 

18th Septem¬ 
ber 1925. 

Do. 

Do. 

(512) Seth Chuuilal 
Sao. 

Do. 

mil 

53 

13th Novem¬ 
ber 1926. 

Do. 

Do. 

(513) Mr. M. B. 
Marfatia. 

Do. 


78 

28th October 
1925. 

Do. 

Do. 

(514) Messrs. Nilkant 
Sao ct Co. 

Do. 

P. L. 

44 

15th October 
1925. 

Do. 

Do. 

(515) Bandit Krlpa- 
shankar. 

Do. 

B. L. 

38 

5th Novem¬ 
ber 1925. 

Do. 

Do. 

(510) Messrs. Nilkant 
Sao tV Co. 

Do. 

B. L. 

148 

31 st October 
1925. 

Do. 

Do. 

(517) Bandit Krlra- 
shankar. 

Do. 

B. L. 

57 

Hth October 
1925. 

Do. 

Do. 

(518) Ral Sahib L. 
Chhojurani. 

Do. 

B. L. 

6 

19th Decem¬ 
ber 1925. 

Do. 

Do. 

(519) Messrs. Chhotan 
and Hremlal. 

Do. 

B. L. 

27 

10th Novem¬ 
ber 1925. 

Do. 

Do. 

(520) Messrs. Gupta A 
Soils. 

Do. 

P. L. 

13 

26th Novem¬ 
ber 1925. 

Do. 

Do. 

(521) Mr. Samiulla 
Khan. 

Do. 

P. L. 

1 112 

20th Decem¬ 
ber 1925. 

Do. 

Do. 

(522) Do. 

Do. 

B. L. 

0 

D>. 

Do. 

Do. 

(523) Messrs. Nilkant 
Sao Co. 

Do. 

B. L. 

2 

21st October 
1925. 

Do. 

Do. 

(524) Messrs. Ramnafch 
liaijnath Rusia. 

Do. 

P. L. 

18 

22nd Novem¬ 
ber 1925. 

Do. 

Do. 

(525) Do. 

Do. 

P. L. 

170 

Do. 

Do. 

Do. 

(526) Seth Parmanand 
Bansidhar. 

Do. 

B. L. 

8 

26th No 'em- 
t her 1925. 

Do. 

Do. 

(527) Messrs. Ganpat- 
sao Dhanpatsao. 

Do. 


12 

11th Decem¬ 
ber 1925. 

Do. 

Do. 

(528) Mr. Amrltlal B. 
Trivedi. 

Do. 

«3K 

35 

21st Oclobu- 
1925. 

Do. 

Dq. 

(529) Do. 

Do. 

B. L. 

02 

Do. 

Do. 

Do. 

(530) Do. 

Do. 

► B. L. 

47 ■ 

D >. 

Do. 

Do. 

(531) Do. 

Do. 

P. L. 

15 

Do. 

Do. 

Do. 

(532) Do. 

Do. 

P. L. 

122 

16th Novem¬ 
ber 1925. 

Do. 

D>. 

(533) Do. 

Do. 

P. L. 

53 

20th Decem¬ 
ber 1925. 

Do. 

Do. 

(534) . Do. 

i 

Do. 

P. L. 

53 

19th Decem¬ 
ber 1925. 

Do. 


P. h. - Prospering Lioenn. M. L. ■> Mining Learn. 
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CENTRAL PROVINCES— contd. 


DISTRICT. 

Grantee. 

Mineral. 

Nature 

of 

gra nt. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

Balaghat . 

(535) Messrs. Ramnath 
Batjnath. 

N 

Manganese . 

P. L. 

30 

19th Decem¬ 
ber 1925. 

1 year. 

Do. 

(536) Mustt. Manna 
Bat. 

Do. 

P. L. 

117 

11th Decem¬ 
ber 1926. 

Do. 

Do. 

(537) Mr. Aiuritlal P. 
Trtvedi. 

Do. 

P. L. 

67 

4th Novem¬ 
ber 1925. 

Do. 

Do. 

(538) Mr. P. N. Oke . 

Do. 

P. I 

29 

22nd Novem¬ 
ber 1925. 

Do. 

Do. 

(539) Mostt. Manna 
Bat. 

Do. 

P. Tj. 

154 

11th Decem¬ 
ber 1925. 

Do. 

Do. 

(540) Messrs. Ramnath 
and Batjnath Sao. 

Do. 

P. L. 

7 

9th Decem¬ 
ber 1925. 

Do. 

Do. 

(541) Mustt. Manna 
Bat. 

Do. 

P. L. 

119 

Do. 

Do. 

Do. 

(542) Mr. R. P. Mudlair, 

The Independent 

Trading Company. 

Do. 

P. L. 

17 

12th Decem¬ 
ber 1925. 

Do. 

Do. 

(543) Do. 

Do. 

P. L. 

44 

Do. 

Do. 

Do. 

(544) Mr. M. B- 

Marfatla. 

Do. 

P. L. 

32 

22nd Decem- 
• ber 1926. 

Do. 

Betul 

(546) Bansldhar Ram 
Niwas. 

Coal . 

M. L. 

105 

19th Janaary 
1925. 

6 years. 

Do. 

(546) Pandit Kashi 
Ram. 

Do. . 

P. L. 

530 

9th March 

1925. 

1 year. 

Bhandara . 

(547) Seth Jagannath 

Manganese . 

P. L. 

45 

23rd May 

1925. 

Do. 

Do. 

(548) Rat Shahlb 

Gowardhandas. 

Do. 

P. L. 

97 

18th January 
1926. 

Do. 

Do. 

(549) Messrs. M. 

D^Costa and Gour- 
doth Ganoshlal. 

Do. 

P. L. 

26 

4th May 

1925. 

Do. 

Do. 

(550) Mr. Abdur Ra¬ 
him Khan. 

Do. 

P. L. 

118 

1st April 

1925. 

Do. 

Do. 

Do. 

(661) Messrs. M. 

D'Oosta and Gour- 
duth Ganeshlal. 

(552) Do. 

Do. 

Do. 

P. L. 

P. L. 

23 

91 

3rd Janvary 
1925. 

Do. 

Do. 

Do. 

Do. 

(553) Mr. Shrlram 

Seth. 

Do. 

P. L. 

2 

26th June 
1925. 

Do. 

Do. 

(554) Messrs. Ganpat- 
s«o and Dhanpatsao. 

Do. 

P. L. 

28 

18th May 

1925. 

Do. 

Do. 

(655) Seth Jagannath., 

Do. 

P. L. 

55 

81st March 
1925. 

Do. 

i 

Do. 

(556^Mr. Malhar Rao 

Do. 

P. L. 

174 

2nd Novem¬ 
ber 1925. 

Do. 

Do. 

(557) Mr. Bakararo 

Singh. 

Do. 

•J 

P. L. 

69 

7th May U*2 > 

Do. 


p, h. _ PraipteOuf lictnu. U. L. - Mininf l.eate. 
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CENTRAL PROVINCES— contd. 


District. 

Grantee. 

Miueral. 

Nature 

of 

grant. 

Area in acres 

Date of 
commence¬ 
ment. 

Term. 

Bhandara . 

(558) Mr. Rangya 

Naidu. 

Manganese 

P. L. 

117 

21st May 

1925. 

1 year. 

Do. 

(559) Lala Jalnarain 
Mohonlal. 

Do. 

P. L. 

211 

17th March 
1925. 

Do. 

Do. 

(560) Seth Laxuii- 

narain Hardeo. 

Do. 

P. L. 

365 

20th June 
1925. 

Do. 

Do. 

(501) Mr. Ganeshlal 
Balbhadar. 

Do. 

P. L. 

193 

19th May 

1925. 

Do. 

Do 

(562) Mr. Bakaram 
Singh 

Do. 

P. L. 

193 

14th May 

1925. 

Do. 

Do. 

(568) Messrs, Ganpat- 
sao and Dhanpataao. 

Do. 

P. L. 

161 

16th March 
1925. 

Do. 

Do. 

(664) Mr. 8. Rangaya 
Naidu. 

Do. 

P. L. 

132 

16th Decem¬ 
ber 1925. 

Do. 

Do. 

(565) Messrs. Ganesh¬ 
lal and Balbhadar. 

Do. 

P. L. 

547 

20th May 

1926. 

Do. 

Do. 

(566) Mr. Ganpatrao 
Laxinanrao 

Do. 

P. L. 

280 

6th May 1926 

Do. 

Do. 

(507) Messrs. Gaupat- 
sao and Dhanpatsao. 

Do. 

P. L. 

77 

11th June 

1025. 

Do. 

Do. 

(568) Messrs, ft. K. 
Ohullany and Sons. 

Do. 

P. L. 

174 

6th April 

1925. 

Do. 

Do. 

(569) Messrs. Ganpat- 
sao and Dhntpatsao. 

Do. 

P. L. 

39 

18th May 

1925. 

Do. 

Do. 

(570) Lala Baijnath . 

Do. 

P. L. 

080 

11th May 

1925. 

Do. 

Do. 

(571) Do. 

Do. 

P. L. 

80 

Do. 

Do. 

Do. 

(672) Messrs. NUkant- 
sao and Company. 

Do. 

P. L. 

105 

7 th October 
1925. 

Do. 

Do. 

(673) Mr. Parmanand 
Dayaram. 

Do. 

P. L. 

71 

10th Decem¬ 
ber 1925. 

Do. 

Do. 

(574) Mr. Shriram 

Seth. 

Do. 

P. L. 

20 

7th August 
1925. 

Do. 

Do. 

(575) Mr. M. A. Pasha, 
Minor. 

Do. 

P. I. 

25 

25th October 
1925. 

Do. 

Do. 

(676) Messrs. Yadulal 
and Bhadulal. 

Do. 

P. L. 

14 

24th April 
1925. 

Do. 

Do. 

(677) Messrs. Ganesh¬ 
lal and Balbhadar. 

Do. 

P. L. 

6 

19th May 

1925. 

Do. 

Do. 

(578) Messrs. Ganesh¬ 
lal and Balbhadar. 

Do. 

BaBB 

240 

14th August 
1925. 

Do. 

Do. . 

(579) B. S. Seth 
Gowardhandae. 

Do. 

Bill 

26 

28th October 
1925. 

Do. 

Do. 

(680) Mr. Manga 1 

Singh. 

Do. 

■ 

764 

2nd October 
1925. . 

. Do. 


P. L .—Protpeding Lice me. M. L. ■»Mining Lean, 
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District 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
commence¬ 
ment. 

Term. 

Bhandara 

(58J) Messrs. Namdeo 
Pandurang Dalai’s 
firm. 

Manganese 

P. L. 

218 

22nd Decem¬ 
ber 1925. 

1 year. 

Do. 

(582) Messrs. Ganesli- 
lal and Balbhadar. 

Do. 

P. U 

14 

4 th August 
1025. 

Do. 

Do. 

(583) Messrs. Ganpat- 
sao and Dhanpatsao. 

Do. 

P. L. 

55 

12th Septem¬ 
ber 1925. 

Do. 

Do. 

(584) Messrs. Nllkant- 
sao and Company. 

Do. 

P. L. 

107 

28th May 

1925. 

Do. 

Dl 

(585) Mr. 0. R T ta- 
day. 

Do. 

P. L. 

85 

9th July 

1925. 

Do. 

Do. 

(5HG) Messrs. Yadulal 
and Bhndulal. 

Do. 

P. L. 

78 

6th July 

1925. 

Do. 

Do. 

(587) Do. 

Do. 

P. L. 

12 

13th OctobeT 
1725. 

Do. 

Do. • . 

(588) Mr. Samiulla 

Khan. 

Do. 

P. L. 

38 

15th August 
1025. 

Do. 

Do. 

(5 9) Mr. P. N. Oke . 

Do. 

P. L. 

596 

7th Septem¬ 
ber 1925. 

Do. 

Do 

(590) Mr. Mohonlal 

Bbdlchand. 

Do. 

V. L. 

70 

22nd Octol>er 
1925. 

Do. 

Do. 

(591) Messrs. Ram- 

naraln and Jngan- 
nath.* 

Do. 

P. L. 

48 

18th No\em¬ 
ber 1925, 

Do. 

Do. 

(592) R. 8. Seth 

Gowardhandas. 

Do. 

P. L. 

104 

5th Novem¬ 
ber 1925. 

Do. 

Do. 

(593) Messrs, Nilkant- 
sao and Company. 

Do. 

P. L. 

71 

7th Septem¬ 
ber 1925. 

Do. 

Do. 

(594) Do. 

Do. 

r. L. 

74 

8th Decem¬ 
ber 1925. 

Do. 

Do. 

(595) R. S. Seth 

Gowardhandas. 

Corundum . 

P. L. 

67 

17th Decem¬ 
ber 1925. 

Do. 

Do. 

(596) Do. 

Do. 

P. L. 

9 

Do. 

Do. 

Do. 

(597) Do. 

Do. 

P. L. 

32 

Do. 

Do. 

Do. 

(598) Messrs. Ganga- 
ramand Vithoba. 

Manganese . 

P. L. 

372 

14th Novem¬ 
ber J 925. 

Do. 

Do. 

(599) Mr. Bansidar 

Raiunlvas. 

Do. 

M. L. 

134 

16th Juno 
1925. 

10 years. 

Do. 

(600) R. S. Seth 
Gowardhandas. 

Do. 

M. L. 

33 

27th May 

1925. 

Byears. 

Do. 

(G01) Seth Shrlram . 

Do. 

M. L. 

4 

12th October 
1926. 

10 yean. 

Do. 

(602) R. 8. Seth 

Gowardhandas. 

Do. . . 

M. L. 

7 

21st Septem¬ 
ber 1925. 

5 years. 

Dllasptur 

(605) Messrs. Agar- 

Wala Brothers. 

Mica . 

P. L. 
(renewal) 

247 

26th April 
1925. 

1 year. 


P. L. — Prospecting License, M. L. ■■ Mining Lease, 
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CENTRAL PROVINCES— contd. 





Nature 


Date of 

Term. 

D18TW0T. 

Grantee. 

Mineral. 

o| 

Area In acres. 

commence- 



grant. 


ment. 


BHaspnr 

(004 | 

B|i» . 

Coal . 

P. L. 
(renewal) 

11,736 

1st July 1926. 

1926. 

Do. 

(606) Messrs. Agar- 

Mica . 

P. L. 

11 

26th May 

1 year. 


wait Brother*. 


(renewal) 


1926. 


lo. 

(606) Messrs. Dunlop 

Coal . 

P. L. 

12,256 

1st July 1926. 

Do. 


Bros. 4 Co. 






Do. 

(607) MewB. Agar- 

Mica . 

P. L. 

19 

4th Septem- 

Do. 


wala Brother*. 




ber 1925. 


Do. 

(60ft) Messrs. Dunlop 

Coal . 

P. L. 

3,376 

6th Novem- 

Do. 


Bros. A Co. 


(renewal) 


ber 1926. 


Chanda 

(609) Mr. Vadllal 

Do. . 

P. L. 

900 

19th Pebru- 

Do. 


JUghuraji of Bom¬ 
bay. 




ary 1925. 


Do. 

(610) Do. 

DO. . 

P. L. 

171 

D*. 

Do. 

Do. 

(611) Messrs. Maharaj 

Do. . 

P. L. 

639 

26th May 

Do. 


Kishan 4 Co., of 
Chhlndwara. 




1926. 


Do. 

(012) Do. 

Do. . 

P. L. 

068 

5th October 
1926. 

Do. 

Do. 

(613) Messra. Ha)ibhoy 

Do. 

P. L. 

100 

5tb Novem- 

Do. 


LaIJi A Co.. Proprie¬ 
tors, Mahakall Coal 
Mine, Chanda. 




ber 1WA. 


Chhtndwara 

(614) Chaitram ftao 

Tlkaram 8a 0 . 

Do . . 

P. L. 

95 

22nd March 
1925. 

Do. 

Do. 

(615) 8eth Hazarlmal 
Bazaz. 

Manganese . 

V. L. 

73 

16th April 

1925. 

Do. 

Do. 

(616) Mr. H. 8. Zahlr- 
uadin, Vakil »nd 

Coal . 

P. L. . 

172 

29th May 

1925. 

Do. 


Contractor. 






Do. 

(617) Do. 

Do. . 

P. L. 

389 

14th January 
1926. 

Do. 

Do. 

(618) Do. 

Do. . 

P. L. 

383 

Do. 

Do. 

Do. 

(619) Do. 

Do. . 

P. L. 

120 

Do. 

Do. 

Do. 

(620) Mr. Samtulla 

Khan, Malgusar. 

Manganese.. 

P. L. 

68 

17th April 
1925. 

Do. 

Do. 

(621) Captain Leonard 

Coal . 

P. L. 

119 

2nd February 
1925. 

Do 


Newton. 





Do. 

(622) Mr. Noor Moha¬ 

Do. . 

P. L. 

196 

10th October 
1925. 

Do. 


mad Mlth^. 





Do. 

(623) 8eth Haurlma) 

Manganese • 

P. L. 

71 

9th March 192 

> DO. 


Baza 1 . 






Do. 

(624) TL 8. Mathura 

Coal . 

P. L. 

191 

2nd October 
1925. 

Do. 


Praaad Motllal 4 
Co. 






Do. 

(626) Mr. Frttul Nam- 
yan MrterJl. 

Do. . 

P. L. 

2*2 

16th^ Jum 

1 Do. 


' TTC- Proi^cHof'Unnn. M. t. - Mini’s TstU. 


B 
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District, 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acros. 

Date of 

commence¬ 

ment. 

Term. 

Chhindwara 

(026) Messrs. M. 

DVosta and Gouri- 
datta Ganeshlal. 

Manganese . 

P. L. 

57 

23rd Septem¬ 
ber 1925. 

1 year. 

Do. 

(027) Mr. Ramji Gan- 
gaji, Contractor. 

Do. 

P. L. 

09 

24th Juno 

1025. 

Do. 

Do. 

(628) Do. 

Do. 

r. l. 

4 

Do. 

Do. 

Do. 

(629) Do. 

Do. 

P. L. 

41 

2nd October 
1925. 

Do. 

Do. 

(030) Do. 

Do. 

P. L. 

00 

Not given 

Do. 

Do. 

(031) Thakur Ran- 

dhir Shah, Jagalr- 
dar. 

Coal . 

P. L. 

415 

24th Septem¬ 
ber 1925. 

Do. 

Do. 

(032) Mr. Hussain 

Khan, Contractor. 

Manganese . 

P. L. 

43 

5th October 
1925. 

Do. 

Do. 

(033) Thakur Ran- 

dhir Shah, Jagirdar. 

Coal . 

P. L. 

130 

24th October 
1925. 

Do. 

Do. 

Do. 

(034) Do. 

(035) Do. 

Do. . 

Manganese . 

P. L. 

1’. L. 

621 

443 

24th Septem¬ 
ber 1025. 

5th Decem¬ 
ber 1925. 

Do. 

Do. 

Do. 

(630) Hussain Khan, 
Contractor. 

Do. 

P. L. 

91 

28th Novem¬ 
ber 1925. 

Do. 

Do. 

(037) Not available 

Do. 

: 

P. L. 

| 

85 

2nd Novem¬ 
ber 1925. 

Do. 

Do. 

(638) Rao Sahib D. 
Laxmi Narayan, 

Kamptec. 

Do. 

i 

P. L. . ' 

524 

4th Novem¬ 
ber 1925. 

Do. 

Do. 

(639) Mr. Ramji Gan- 
gajl. Contractor. 

Do. 

P. L. 

110 

2nd Decem¬ 
ber 1925, 

Do. 

Do. 

(040) Messrs. B. Fouz- 
dar & Bros. 

Do. 

M. L. 

14 

8th January 

1925. 

30 years. 

Do. 

(041) Seth Kanhayalal 
Laxmi Narayau. 

Do. 

M. L. 

148 

22nd May 

1025. 

* Do. 

Do. 

(042) Messrs. B. Fouz- 
dar & Bros. 

Do. 

P. L. 

17 

19 th March 

1925. 

Do. 

Drug . 

(643) Seth Ramprasad 
Laxmi Narayan of 
Kamptec. 

Galena 

P. L. 

14 

28th Novem¬ 
ber 1925, 

Do. 

Hoshangabad 

(044) Pandit Thakur 
Prasad Awastby, 
Banker, Betul. 

Coal . 

P. L. 
(renewal) 

226 

12th January 
1925. 

Do. 

Do. 

(045) Do. 

Do. . 

P. L. 

50 

27th January 
1925. 

Do. 

JubbuJpore 

(046) Messrs. Gupta 
<fe Sons. 

Manganese . 

P. L. 

45 

28th January 
1925. 

Do. 

Do. 

(647) Mr. P.C. Datta. 

Do. 

P. L. 

151 

22nd Juno 
1925. 

Do. 


P. L. — Projecting Licence. M. L. ■» llxning Uuie, 












1*aAt S.J Pascoe : Mineral Production, 192b. 321 


CENTRAL PROVINCES— contd. 


District 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
commence¬ 
ment. 

Term. 

Jubbulpore. 

(648) Mr. (!. Stanley 

Harris. . 

Manganese . 

M. L. 

31 

23rd March 
1926. 

30 years. 

D °. ' . 

(649) Mosers. Gupta d 
Sons. 

Do. 

P. L. 

13 

16th January 
1926. 

Do. 

Do. 

'65m Mi M. B. Mar- 

Do. 

P. L. 

94 

3rd February 
1926. 

Do. 

Do. 

i.»i \ > Amin- 

uUam. 

Do. 

P. L. 

3 

6th February 
1925. 

Do. 

Do. 

(662) Do. 

Do. 

P. L. 

41 

Do. 

Do. 

9®. 

(663) Beth Haxarlmal. 

Do. 

P. L. 

69 

6th January 
1926. 

Do. 

Do. 

(664) Messrs. Byramjl 
Pestonjl. 

Do. 

M. L. 

16 

24th Febru¬ 
ary 1926. 

6 years. 

Do. 

(665) Ganpat Sao 
Dnanpat Sao. 

Do. 

P. L. 

28 

0th Febru¬ 
ary 1926. 

1 year. 

Do. 1 . 

(666) Do. 

Do. 

P. L. 

24 

Do. 

Do. 

Do. 

(667) Do. 

Do. 

P. L. 

52 

Do. 

Do. 

Do. 

(668) Laxmlnaraln 

Hardeo. 

Do. 

P. L. 

153 

18th Febru¬ 
ary 1925. 

Do. 

Do. 

(650) Do. 

Do. 

P. L. 

89 

6th March 

1925. 

Do. 

Do. 

(600) Madhulal Doogar 

4 Sons. 

Do. 

P. L. 

16 

18th Novem¬ 
ber 1925. 

Do. 

Do. 

(601) Messrs. Ganpat 
Rao Lax man Rao. 

Do. 

P. L. 

60 

28th Septem¬ 
ber 1925. 

Do. 

Do. 

(062) Mr. Chakorllal 
Pathak. 

Bauxite 

P. L. 

22 

6th May ly25 

Do. 

Do. 

(663) Messrs. Gupta & 
8on*. 

Manganese - 

P. L. 

163 

23rd August 
1925. 

Do. 

Do. 

(664) Mr. Gupaldas 
Nemichnnd. 

Do. 

P. L. 

11 

28rd July 

1926. 

Do. 

Do. 

(666) Messrs. Gupta d 
Sous. 

Do. 

P. L. 

128 

8th Novem¬ 
ber 1925. 

Do. 

Do. 

(666) Sukhdeo Prasad 
Radhaklshan. 

Do. 

P. L. 

262 

14th May 

1925. 

Do. 

Do. 

(667) Do. 

Do. 

M.L. 

14 

5th Septem¬ 
ber 1925. 

80 years. 

Do. 

(668) Messrs. Gupta 
d Sons. 

Do. 

P. L. 

68 

3rd August 
1925. 

1 year. 

Do. 

(668) Do. 

Do. 

P. L. 

134 

8th Novem¬ 
ber 1925. 

Do. 

Do. 

Do 

(670) Mr. P. 0. Datt . 

(671) Messrs. Sukhdeo 
Prosad Radhaki&han. 

Do. 

Do. 

M. L. 

P. I. 

3 

327 

2nd October 
1926. 

16th Decem¬ 
ber 1925. 

80 years. 

1 year. 


P. L, m ProqMKtinn Limn*. M . L, Mining Iaqh, 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
oommenoe- 
ment. 

Term. 

Jubbulpore. 

(672) Hr. C. Stanley 
Harris. 

Manganese . 

P. L. 

76 

19th Novem¬ 
ber 1W5. 

lyw. 

Do. 

(678) Do. 

Do. 

P. L. 

12 

Do. 

Do. 

Do. 

(674) Do. 

Do. 

P. L. 

72 

7th Novem¬ 
ber 1926. 

Do. 

Do. 

(676) Do. 

Do. 

P. L. 

36 

2nd Novem¬ 
ber 1926. 

Do. 

Do. 

(676) Do. 

Do. 

P. L. 

127 

Do. 

Do. 

Do. 

(677) Do. 

Do. 

P. L. 

93 

11th Decem¬ 
ber 1925. 

Do. 

Do. 

(676) Seth Pratap 
Laxman Bao. 

Do. 

P. L. 

102 

9th Novem¬ 
ber 1926. 

Do. 

Do. 

(679) Mr. P. C. Bom . 

Do. 

P. L. 

90 

16th Decem¬ 
ber 1926. 

Do. 

MABdlft 

(680) Messrs. Dpbi 
Prasad Bania of Rai¬ 
pur and Chhedilal 
Choudhury. 

Mlea . 

P. L. 

86 

4th April 

1925. 

Do. 

Do. 

(681) Do. 

Do. • . 

P. L. 

14 

7th August 
1925. 

Do. 

Do. 

(682) Messrs. J. Reid 
and Russell of 
Jubbulpore. 

Copier. Lead, 

Mlea, Zinc and 
Manganese. 

P. L. 

399 

31st October 
1925. 

j 

Do. 

Do. 

(688) Messrs. D. B. 
BaU&bhdas Mannolal 
Kanhaiyajal of 

Jubbulpore. 

Manganese, Tin, 
line. Copper 
and Mica. 

P. L. 

100 

10th Decem¬ 
ber 1926. 

Do. 

Do. 

(684) Messrs. Punam- 
chand Kiehanlal of 
Seoul. 

Manganese . 

P. L. 

99 

22nd October 
1926. 

Do. 

Do. 

(686) Messrs. J. Reid 
and Russell of 

1 Jubbulpore. 

Mica, Zinc, Copper, 
Lead, Silver 

and Manganese. 

P. L. 

10 

2nd Septem¬ 
ber 1926. 

Do. 

Nagpur 

(686) Goewaml Mohesh- 
puri, Nagpur. 

. Manganese . 

P. L. 

138 

2nd February 
1926. 

Da. 

Do. 

(687) Bath Kanbyatal 
Laxmlnarain Bagdi 
of Sindl. 

Do. . 

P. L. 

876 

Uth Septem¬ 
ber 1925. 

Da. 

Do. . 

(688) Mr. Ganpat Rao 
Laxman Rao of Nag¬ 
pur. 

Do. 

P. L. 

168 

19th January 
1925. 

Do. 

Do. 

(689) Mr. M. A. Razaq 
of Kamptee. 

Do. ... 

P. L. 

16 

2nd March 
1925. 

Do. 

Do’ 

(690) R. 8. Mlnamal 
Nandlal of Chhlnd- 
wara. 

Do. 

P. L. 

44 


Do. 


(691) Messrs. Hartram 
and Manfr&m of 
Mewra. 

Do. . 

P. L. 

21 


Do. 


P. L. — Pw ycKw f Lktme. M. L. — leae* 
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Dimicr. 

drantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Tern. 

Nagpur 

(692) Soth Raghunath- 
das Bharuka of 
K&mptee. 

Manganese . 

P. L. 

64 

12th April 
1926. 

1 year. 

Do. 

(699) Do. 

Do. 

P. L. 

292 

Do. 

Do. 

Do. 

(694) Messrs. Uariram 
and Manlram of 
Hewra. 

Do. 

P. L. 

66 

1st April 1926 

Do. 

Do. 

(696) Seth Jagannath 
of Tumsar. 

Do. 

P. L. 

46 

8rd February 
1926. 

Do. 

Do. 

(690) Messrs. MaharaJ 
£lsan and Company. 

Do. 

P. L. 

236 

28th Febru¬ 
ary 1926. 

Do. 

l)o. 

(697) Mr. Nur Mohmad 
Mltha of Nagpur. 

Do. 

P. L. 

272 

10th July 
1925. 

Do. 

Do. 

(698) Hariram and 
Manlram of Uewra. 

Do. 

P. L. 

• 62 

23rd Febru¬ 
ary 1985. 

Do. 

Do. 

(699) Mr. S. Rangaya 
Naldu of Nagpur. 

Do. 

P. L. 

63 

2nd January 
1926. 

Do. 

Do. 

(700) Messrs. Hariram 
and Manlram of 
Hewra. 

Do. 

P. L. 

48 

23rd Febru¬ 
ary 1926. 

Do.? 

Do. 

(701) Do. 

Do. 

P. L. 

48 

27th Febru¬ 
ary 1926. 

Do.? 

Do. 

(702) Mr. Eracli hah 
1, Pleader, Kamptee. 

Do. 

P. L. 

62 

4th February 
1926. 

Do.* 

Do. 

(703) Seth Laxmlnaraln 
Hardeo of Kamptee. 

Do. 

P. L. 

133 

10th Febru¬ 
ary 1926. 

Do.? 

Do. 

(704) Messrs. (Jupta 
and Sons. Nagpur. 

Do. 

P. L. 

30 

3rd August 
1926. 

Do.l 

Do. 

(706) Sir M. B. Dada- 
bhoy, Barrlster-at- 
Law, Nagpur. 

Do. 

P. L. 

50 

13th July 

1926. 

Do.| 

Do. 

(706) Mr. Nur Muhmad 
Mltha of Nagpur. 

Do. 

P. L. 

245 

10th August 
1926. 

Do.| 

Do. 

(707) Mr. M. A. Haaaq 
of Kamptee. 

Do. 

r. l. 

79 

3rd Septem¬ 
ber 1926. 

Do. 

Do. 

(708) Lala Jalnaraln 
Mohonlal, Nagpur. 

Do. 

P. L. 

68 

17tb March 
1926. 

Do. 

Do. 

(709) Mr. 8 . Vlnalk 
Rao, Nagpur.* 

Do. 

P. L. 

400 

23rd Janu¬ 
ary 1926. 

Do. 

Do. 

(710) Sir M. B. Dada- 
bhoy, Barrlster-at- 
Law, Nagpur. 

Do. 

P. L. 

103 

18th July 

1926. 

Do. 

Do. . 

(711) Do. 

Do. 

P. L. 

213 

Do. 

Do. 

Do. 

(712) Mr. 8 . Vlnalk 
Rao, Nagpur. 

Do. 

P. L. 

6 

6th May 1926 

Do. 

Do. 

(711) Seth R. K. 
ChhuDtni and Sons, 
Kamptee. 

Do. 

P. L. 

844 

6th June 1926 

Do. 


l, - Pnxpcttnt Uctn*> J/. I. - Mining Lmt\ 
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District. 

! Grantee. 

Mineral. 

Nature 

of 

Area In acres. 

Date of 
commence 

Term. 




grant. 


merit. 


Nagpur 

(714) Mr. Jumnadas 

Manganese . 

mm 

67 

17th August 

1 

' 

Potdar, Nagpur. 

mm 


1026. 

Do. 

(716) Do. . ^ 

Do. 


85 

Do. 

Do. 

Do. 

(716) Do. 

Do. 

P. L. 

262 

Do. 

Do. 

Do. 

(717) Seth Eaghunath- 

Do. 

P. L. 

11 

12th April 

Do. 


das Bhnruka of 
Kamptee. 




1926. 


Do. 

(718) The Turabali 

Do. 

P. L. 

88 

14th Febru- 

Do. 


Manwarall Syndi¬ 
cate, Nagpur. 




ary 1926. 


Do. . 1 

(719) Mr. Moheshpuri 

Do. 

P. L. 

160 

21st April 

Do. 

Do. 

of Nagpur. 




1926. 


(720) Messrs. Kalloo- 

Do. 

P. L. 

10 

30th January 

Do. 

Do. • 

ram and Company, 
Kamptee. 




1926. 


(721) Mr. 8. Vinalk 

Do. 

P. L. 

0 

8th Septem- 

Do. 


Kao, Nagpur. 




ber 1926. 


Do; 

(722) Mr. Nunnahmad 

Do. 

P. L. 

264 

10th August 

Do. 

Do. 

MItha, Nagpur. 




1026. 


(728) Goswaml Mohesh- 

Do. 

P. 1.. 


12th Febru- 

Do. 

Do. • 

purl, Nagpur. 




ary 1926. 


(724) La la Jainaraln 

Do. 

P. L. 

69 

17 th March 

Do. 

Do. • 

Mohonlal, Nagpur. 




1925. 


(726) Beth Gopaldas 

Do. 

P. 1 . 

98 

10th October 

Do. 

Do; § 

Nemichand, 

Kamptee. 

(726) Messrs. E. K. 




1926. 


Do. 

J . J . 

60 

6th June 1926 

Do. 

Do; • 

Chhullani and Sons, 
Kamptee. 






(727) Messrs. B. 

IV. 

J . 1 . 

80 

4th May 1926 

Do. 

Do. . 

Fouid r and 

Brothers of Nagpur. 






(728) Mr. P. M. Markar, 

Do. 

J’. J . 

181 

30th June 

Do. 

Do. 

Bombay. 




1926. 


(729) Seth Baghunath- 

Do. 

P. I.. 

166 

12th April 

Do. 


das Bharuka, Kamp¬ 
tee. 




1925. 


Do. . 

(780) Messrs. Nasar- 

Do. 

P. L. 

9 

22nd October 

Do. 

wanJl and Ardeehlr 
Brothers, Tirodl. 




1925. 


Do. 

(781) The Firm of 
Namdeo Pandnrang 
and others of 

Do. 

P. L. 

00 

28th Septem 
ber 1926. 

Do. 


Bhandara. 






Do. • 

(732) Messrs. Harlram 

Do. 

P. L. 

169 

18th August 

Do. 

and Manlram of 
Hewra. 



! 

1926. 



Do. 

(783) The Coal Bunker¬ 

Do. 

P. L. 

698 

8rd Decem¬ 

Do. 

ing and Shipping 
Company, Calcutta. 




ber 1926. 




P t . L. — Pr<*peeHng Utonu. M. L. » Mining Lem. 
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Nature 


Date of 


Diptriot. 

Grantee. 

Mineral. 

of 

Aren in acres. 

commence- 

Term. 




grant. 


ment. 


Nagpur 

(734) Mesars. Kashi- 

Manganese . 

P. L. 

101 

18 th June 

1 year. 


ram and Patiram of 
Hewra. 



1925. 



Do. 

(735) Mr. Erachsha, 

Do. 

P. L. 

56 

3rd Septem- 

Do. 


Pleader, Kamptee. 




ber 1926. 


Do. 

(736) Messrs. N Bus- 

Do. 

P. L. 

93 

19th Febru- 

Do. 


tomjl and M. 




nry 1026. 



Chakra barty of 

Nagpur. 






Do. 

(737) Mr. M. A.Razaq, 

Do. 

P. L. 

218 

6th June 1925 

Do. * 


Kamptee. 






Do. 

(738) Mr, Laxntan 

Do. 

P. L. 

49 

2 nd Septem* 

Do. 


Damodhar Lele of 
Nagpur. . 




ber 1926. 


Do. 

(739) Messrs. Puranlal 

Do. 

P. L. 

102 

18th May 

Do. 


and Syed Azinuddin 
of Nagpur. 




1925. 


Do. 

(740) Mr. Akbarali 

Do. 

P. L. 

69 

6th June 

Do. 


Manuarali of Nag¬ 
pur. 




1926. 


Do. 

(741) Messrs. N. Rub- 

Do. 

P. L. 

25 

12th May 

Do.- 

tomjt and M. 

Chakraborty of Nag¬ 
pur. 




1925. 



Do. 

(742) Do. 

Do 

P. L. 

27 

28th Septem- 

Do. 




ber 1925. 


Do. 

(743) Dr. B. D. Vyaa, 

Do 

P. L. 

20 

26th May 

Do. 

Kamptee. 




1925. 


Do. 

(744) Mr Jetha Radha 

Do. 

P. L. 

144 

8th May 


of Nagpur. 




1925. 


Do. 

(745) Seth llhopat, Rao 

Do. 

P. L. 

116 

24th October 

Do. 

Malguzar, Seoni. 



1925. 


Do. 

(746) Messrs Gupta & 

Do. 

P. L. 

150 

29th October 

Do. 

Sons of Nagpur. 




1925. 


Do. 

(747) Messrs. N. Rub- 

Do. 

P. L. 

10 

28th Septem¬ 

Do. 

tomji and M. 

Chakraborty of Nag¬ 


ber 1925. 





Do.1 . 

pur. 

(748) Messrs. Gupta 

Do. 

P. L. 

97 

21st Septem¬ 

Do. 

and Sons of Nagpur. 



ber 1925. 


Do. 

(749) Mr. Sayad Hef- 

Do. . 

P. L. 

64 

14th August 

Do. 

zul Kaqulb of W'ai- 
gaon. 



1925. 




„ Do. 

(750) Seth Shuklsan 

Do. 

P. L. 

20 

18th Septem¬ 

Do. 

Hazarlmal of Kamp¬ 
tee. 



ber 1926. 




Do. 

(751) Messrs. Puranlal 

Do. 

P. L. 

31 

13th May 

Do. 

Bapusao and Syed 
Azfmudd)n of Nag¬ 




1925. 



pur. 






Do. 

(752) Sir M. B. Dada- 
bhoy, lJar.-atLav, 

Coal . 

P. L. 

802 

3rd Decem¬ 
ber 1925. 

Do. 


Nagpur. 




1 - 

i 


p. L. - PntpteUnn Liftnn. M. L. - Minir) Lttu. 
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PlBfEIOT. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

Nagpur 

(753) Messrs. Puranlal 
Bapusao and Syed 
Aflmuddin of Nag¬ 
pur. 

Manganese 

• 

P. L. 

230 

18th May 

1926. 

1 year. 

Do. 

(754) Mr. Shamji 
Naralnjl, Bamtek t 

Do. 

a 

P.L. 

78 

6th October 
1926. 

Do. 

Do. 

(755) Do. 

Do. 


P. L. 

17 

24th Novem¬ 
ber 1926. 

Do. 

Do. 

(766) Messrs. M. P’ 
Costa and Goredutt 
Gantsblal, Nagpur. 

Do. 


P.L. 

186 

7th October 
1926. 

Do. 

Do. 

(757' Mr. Sham) I 

Naralnjl, Bamtek. 

Do. 


P. L. 

30 

5th October 
1925. 

Do. 

Do. 

(768) Messrs. Ganpat- 
sao and Dhanpatsao 
of Andhergaon. 

Do. 


P. L. 

78 

18th Septem¬ 
ber 1926. 

Do. 

Do. 

(760) Mr. Shamji 

Naralnjl, Ramtea. 

Do. 


P. L. 

67 

24th Novem¬ 
ber 1925. 

Do. 

Do. . 

(760) Seth Akbarall 
Manwarali of Nag¬ 
pur. 

Do. 


P.L. 

10 

17th Novem¬ 
ber 1925. 

Do. 

Do. 

(761) Messrs. Bhola- 
pathdas A Co., 
Calcutta. 

Do. 

• 

P. L, 

44 

wmd 

Do. 

Do. . 

(762) Seth Raghunath- 
das Bharuka of 
Karaptee. 

Do. 


P. L. 

234 

10th October 
1925. 

Do. 

Do. 

(763) Goswami Mo- 
heshpurl, Nagpur. 

Do. 


P.L. 

160 

18th Novem¬ 
ber 1926. 

Do. 

Do. 

(764) B. S. Seth Gowar* 
dhandas of Tumsar. 

Do. 


P. L. 

8 

16th Septem¬ 
ber 1925. 

Do. 

Do. 

(765) Mr. Govlnd 

Bagho La bade of 
Bamtek. 

Do. 


P. L. 

230 

16th October 
1925. 

Do. 

Do. 

(766) Mr. S. Vinalk 
Bao of Nagpur. 

Do. 


P. L. 

78 

80th Septem¬ 
ber 1925. 

Do. 

Do. 

(767) Mr. K. S. 
Muhammad Yakub, 
Kamptee. 

Do. 


P. L. 

26 

18th Novem¬ 
ber 1926. 

Do. 

Do. 

(768) Seth Mohonlal 
Bedrlchand, Kamp- 
tee. 

Do. 


P.X. 

76 

6th Novem¬ 
ber 1926. 

Da 

Do. 

(760) Messrs. Gupta 
and Sons, Nagpur. 

Do. 


P. L. 

39 

29th October 
1925. 

Do. 

Do. 

(770) Mr. Ganpat Bao 
Laxman Bao of Nag* 
pur. 

Do. 

• 

P.L. 

97 

14th Novein- 
ber 1926. 

Do. 

Do. 

(771) Khan Sahib Mu¬ 
hammad Yakub of 
Kamptes. 

Do. 

i 

P. L. 

561 

18th Novem¬ 
ber 1926. 

Do. 


P. L. m PmptcHng Lietntt, M. I, - Mining Lme. 
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Nature 


Date of 

Tetm. 

DlSTBXOT. 

Grantee. 

Mineral. 

of 

Area in acres. 

commence* 




grant. 


ment. 


Nagpur 

(772) Matin. Bholt- 

Manganese . 

P. L. 

9 

14th Novem- 

1 year. 

nathdas A Co., Cal¬ 
cutta. 



ber 1926. 




Do. 

(778) Metan. Gupta 

Do. 

P. L. 

27 

29th October 

Do. 


<2 Sons of Nagpur. 




1926. 


Do. 

(774) Messrs. Hartram 

Do. . . 

P. L. 

98 

17th Novem- 

Do. 


and Maniram of 

Hewra. 




ber 1926. 


Do. 

(776) Sir M. B. Dada- 

Do. 

P. L. 

146 

18th July 

Do. 


bhoy, Bar.-at-Law 
of Nagpur. 




1925. 


Dj. 

(778) Goewami Mohesb- 

Do. 

M. L. 

77 

17 th Febru- 

6 years. 


purl oi Nagpur. 




ary 1926. 


to. 

(777) Do. 

Do. 

M. L. 

36 

17th Febru- 

Do. 





ary 1925. 

15 years. 

Do. 

(778) Mr. Bbamjl 

Do. 

M. L. 

14 

23rd Febru- 


Narainji. 




ary 1926. 


Do. 

(779) The Central Pro- 

Do. 

M. L. 

17 

4th March 

Will ex- 


vinoea Manganese 


Supplemen- 


1925. 

pire with 


Ore Co., of Nagpur. 


tary. 



the ori¬ 
ginal haae 
to which 

It is gup- 
Piemen- 
tary. 

5 years. 

Do. 

<7fifc» Seth Larmi- 

Do. 

M. L. 

43 

8th April 


naraln Hardeo, 

Kamptee. 




1925. 


Do. 

(781) Bai Sahib Seth 

Do. 

M. h. 

33 

27th May 

15 years. 


Gowardhandas, Turn- 

sar. 




1925. 


Do. 

(782) Goewami Mohesh- 

Do. 

M. L. 

14 

5th Novem¬ 

10 years. 


purl of Nagpur. 




ber 1926. 

Da. 

(788) Seth Gopaidat 
Nemlchand, Kamp- 

Do. 

M. L. 

26 

13th Novem¬ 
ber 1925. 

3 years. 


tee. 






Do. 

(784) Bai Sahib Seth 

Do. 

M. L. 

37 

27th May 

30 years. 


Gowardhandas of 
Tumsar. 




1925. 


Do. 

(786) Syed Hifzui 

BaquJb, Malguiar 
of Walgaon. 

Do. 

M. L. 

48 

14th August 

10 years. 





1925. 

Narslngpur 

(788) Mr. C. Stanley 

Copper 

M. L. 

222 

21st May 

80 yean. 


Harris of Balaghat. 




1925. 

Seoni 

(787) Seth Parmanand 

Manganese . 

P. L. 

244 

8th July 

1 year. 


Bansidher. 



1926. 

Do. 

(788) Do. 

Do. 

P. L. 

* 60 

14th March 
1925. 

Do."* 

Wardha . 

(789) Krishnarao 

Do. 

P. L. 

145 

27th Febru¬ 

Do. 


Anandrao Meghe of 
Borgaon tahilt and 




ary 1925. 



diet. Wardba. 



144 



Do. 

(780) Do. 

Copper 

P. L. 

27th Febru¬ 

Do. 




ary 1925. 



P, L. « Pnq*<ti*t Litnu. M. I, - Mininf Uut, 













328 Records-of the Geological Survey of India. [ Vol. L1X. 


MADRAS. 


District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date oi 
commence¬ 
ment. 

Term. 

Anantapur . 

(791) Nabi Sahib of 
Hindupur. 

Barytes 

m 

22*25 

1st Septem¬ 
ber 1925, 

1 year. 

Do. . 

(792) The N. Ananta- 
pur Gold Mines Co., 
Ltd. 

Gold . 


1,616 

21st July 

1925. 

Do. 

Do. . 

(793) Do. 

Do. 

M. L. 

1,604 

* 

80 years. 

Bellary 

(794) M. R. Ry. A. 
Pltohayya Nayudu. 

Manganese . 

P. L. 

640 

24th Septem¬ 
ber 1925. 

1 year. 

Do. 

(795) K. Ramchandra. 

Do. 

P. L. 

107*36 

10th July 

1925. 

Do. 

Do. 

(796) Do. 

Clay . 

P. L. 

200 

15th April 
1925. 

Do. 

Do. 

(797) K. Abdul Hye. 

Manganese . 

M. L. 

46*30 

30th April 
1925. 

80 years. 

Do. 

(798) Veaarazu Ven* 
katasubbayya Pan- 
tulu. 

Do. 

P. L. 

2,979 

23rd Novem¬ 
ber 1925. 

1 year. 

Do. 

(799) A. E. Robinson, 
Es<i. 

Do. 

P. L. 

451*77 

8th July 

1925. 

Do. 

Do. 

(800) Vegarazu Ven- 
katasubbayya. 

Do. 

P. L. 

2*05 

15th April 
1925. 

Do. 

Do. 

(801) B. Ismail Sahib. 

Dr. 

P. L. 

161*3 

3rd Novem¬ 
ber 1925. 

Do. 

Do. 

(802) K. Abdul Hye. 

Do. 

P. L. 

1,503*10 

8th April 

1926. 

Do. 

Do. 

(803) A. Pitchayya 

Naidu. 

Do. 

M. L. 

360 

5th August 
1925. 

6 months. 

Cnddapah . 

(804) Mysore Dev. 

Syndicate. 

Asbestos 

P. L. 

30*51 

9th Novem¬ 
ber 1925. 

1 year. 

Do. 

(805) Nabi Sahib of 
Hindupur. 

White clay 

M. L. 

6*94 

t 

5 years. 

Do. 

(800) A. Ghose of Cal¬ 
cutta. 

Do. 

P. L. 

127*58 

22nd July 

1926. 

1 year. 

Do. 

(807) K. Venkatesia 
of Thumkur. 

Do. 

P. L. 

39*65 

9th Novem¬ 
ber 1925. 

Do. 

Kurnool 

(808) V. Venkata- 

subbayya. 

Do. 

M. L. 

22*25 

2nd Marob 
1925. 

30 years. 

Lo. 

(809) V. Venkata- 
subbayya. 

Barytes 

M. L. 

1*45 

2nd March 
1925. 

Do. 

Do. 

(810) B. P. Sesha 
Reddl. 

Do. 

M. L, 

1*55 

2nd February 
1925. 

Do. 

Do. 

(811) Do. 

Do. 

M. L. 

45*50 

2nd March 
1925. 

Do. 

Do. 

(812) Do. 

Manganese . 

M. L. 

40*00 

2nd February 
1925. 

Do. 

Do. 

(813) E. H. Rush ton 

Iron-ore 

P. L. 

53*06 

20th October 
1924. 

1 year. 


P. L. ■■ ProtpecUng Uotnte. M. L. » Mtyng Leate, 
• Lease not yet executed, 
t Not yet oon*maooe(J. 
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MADRAS- -contd. 


Distbiot. 



Nature 


Date of 


Grantee. 

Mineral. 

of 

Area Ip acres. 

commence- 

Term. 




grant. 


ment. 


Kurnool 

(814) V. VenkataAub- 

Pnrytes 

P. L. . 

6-00 

11th August 

1 year. 


bayya. 




1925. 

Do. 

(816) Do. 

Do. 

P. L. 

4 00 

Do. 

Do. 

Malabar 

(816) H. W. Pony . 

Gold . 

M. L. 

160 00 

25th Novem- 

20 years. 






ber 1925. 

Nellore ■' 

(817) The Madras Mica 

Mica . 

M. L. 

61-56 

4th August 

Do. 


Company Lt 1., Gun- 
diir. 




1925. 


Do. 

(818) M. R. Ry. K. C. 

Do. . 

M. L. 

190-48 

28th Novem- 

30 years. 


NarasimhacharL 




ber 1925. 

Do. 

(819) Do. 

Do. . 

M. L. 

117-39 

11th January 

Do. 






1925. 


Do. 

(820) Tlie Krishna 

Do. . 

3L 1, 

71-13 

11th Decern- 

Do. 


Mining Company, 
Guniur. 




ber 1925. 


Do. 

(821) Do. 

Do. . 

M. Ii. 

175 76 

Do. 

Do. 

Do. 

(822) 3. V. Snbba 

Do. . 

P. L. 

87-20 

12th August 

1 year. 


Reddl Garu. 




1925. 

Do. 

(82.1) The Sankara 

Do. . 

M. 1 . 

3-52 

17th June 

30 years. 


Mining Syncopate, 
Nellore. 




1925. 


Do. 

(824) P. Chenga lU-ddi 

Do. . 

M. I-. 

127-80 

28th Scptem- 

Do. 


of Nellore. 




ber 1925. 

Do. 

(825) 0. Venkatarama 

Do. . 

P. L. 

27 73 

Do. 

1 year. 


Chettl of Nlllatur. 




Do. 

(826) Y. Snbba Reddl 

Do. . 

P. I. 

0 29 

27th July 

Do. 


of Getlaj>alem. 




1925. 


Do. 

(827) V. lAksbml 

Do. . 

P. 1i. 

53 86 

1st Septem¬ 

Do. 


Narasayya. 




ber 1925. 

Do. 

(828) Do. 

Do. . 

P. 1.. 

9 63 

Do. 

Do. 

Do. 

(829) I. Ramgubba 

Reddl. 

Do. . 

M. L. 

3 96 

1st July 1925 

30 years. 

Do. 

(830) Do. 

Do. . 

M. I.. 

12 75 

18th August 

Do. 






1925. 


Do. 

(881) B. V. 8ubba 

Do. . 

P. L. 

16-03 

12th August 

1 year. 

• 

Reddl Garu. 




1925. 

Do. 

(882) P. Chenga Reddl, 
Nellore. 

Garnet 

P. L. 

54-79 

18th Decem¬ 
ber 1926. 

Do. 

Do. 

(888) P. Venkataaubba 

Mica . 

P. L. 

56-75 

28th Septem¬ 

Do. 


Reddl of Gudui. 



ber 1925. 

Do. 

(834) V. Venkata- 

Not available 

P. L. 

1503 

31st October 

Do 


subbayya Nayudu 
of Gudur, 




1926. 


Do. 

(885) C. Venkata rami 

Mica . 

M. L. 

6-52 

28th Septem¬ 

80 years. 


Chettl, Nttlatur, 




ber 1925. 

Salem 


Corundum . 

M. L. 

677*70 

24th Septem¬ 
ber 1924. 

i 

Do. 


P. L. — Protecting Licence, M. L. — Mining Lea^e, 
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MADRAS— contd» 





Nature 


Date of 

Term. 

District. 

Grantee. 

Mineral. 

of 

Area in acres. 

commence- 



grant. 


ment. 


Salem 

(837) S. Srinivasa- 

Iron, Chromite 

P. L. 

1,22034 

30th March 

1 year. 

ra'ghavan. 

and Manganese. 



1925. 


The Nliflrte 

(838) A. H. Gaston . 

Mica . 

M. L. 

4600 

9th January 
1925. 

£9 years. 

Do. . 

(8$9) F. W. Mansfield 

Do. . 

r. L. 

5000 

21st October 

1 year. 

and partners. 




1925. 


Do. . 

(840) Do. 

Do. . 

P. L. 

469 08 

16th May 

1925. 

Do. 


NORTH-WEST FR< 

3NTIER PROVINCE. 


Bazar* 

(841) B. B. Rocha 
Bam & Sons. 

Coal and carbona¬ 
ceous clay. 

P. L. 

4 

5th Decem¬ 
ber 1926. 

1 year. 


PUNJAB. 


Attock 

(842) Whitehall Petro¬ 
leum Corporation 
Limited. 

Mineral oil . 

P. L. 

2,016 

6th March 
1925. 

1 year. 

Jhelum 

(843) Messrs. Atma 

Bam Sant Bam 
Kapur. 

Coal . 

M. L. 

420 

2nd October 
1925. 

30 years. 

Do. 

(844) B. Bahimuilah 
Khan of Darapur. 

Do. . 

M. L. 

60 

1st April 

1925. 

Do. 

Do. 

(845) Pandit Gian 

CJhand, Dandot. 

Do. . 

M. L. 

117-26 

1st June 1925 

Do. 

Do. 

(846) M. Feroae Khan 
and Pir Star Shah, 
Betncha. 

Do. . 

M. L. 

28 

1st January 
1925. 

5 years. 

Do. 

(847) Pandit Gian 

Onand. 

Do. . 

P. L. 

45*18 

1st Juaa 1926 

1 year. 

Do. 

(848) Do. 

Do. . 

P. L. 

89-3 

19th August 
1925. 

Do. 

Do. 

(849) Bhai Ha internal, 
Dandot. 

Do. . 

P. L. 

6-76 

1st June 

1126. 

Do, 

Do. 

(850) Do. 

Do. . 

P. L. 

£3*6 

Do. 

Do. 

Do. 

(851) Do. 

Do. . 

P. L. 

22*76 

lOib Septem¬ 
ber 1926. 

Do. 

Do. 

(852) Do, 

Do. . 

P. L. 

18*8 

Ho. 

Do. 


f r L.—Prorp*oUnf Uun*. U. L^kiniy 
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PUNJAB— 


Distfict. 

Grantee. 

Mineral. 

Nature 

of 

Area in acres. 

Date of 
commence¬ 

Term. 




grant. 


ment. 



Jhdhim . (85.1) L. Oopcl D»«, Ooal . 

Contractor. 

Do. (864) Do. Do. . 

Do. . (856) L. Charanjlt Lai, Do. . 

Ooitr. «4or. 

Mian wall (866) E. G. Tugwood, Mineral oil . 

London. 

Do. (857) Messrs. C. Bcvcn Coal . 

Petraan <t Ishar Das, 0 
Kapur. 

Rawalpindi. (868) Whitehall Petro- Mineral oil 

leum Corporation 
Ltd. 

Bhahpor (850) Attock Oil Com- Do. 

j»njr Ltd., Rawal- 



P. L. = Prospecting License. M. L . ® Mining Lease. 

SUMMARY. 


Exploring 

License 


Prospecting 

License. 


AJmer-Merwara 

Assam .... 

Baluchistan 

Bengal .... 
Bihar and Orissa ' 

Bombay .... 
Burma .... 
Central Provinces 
Madras .... 
North-West Frontier Province 
Punjab .... 


Total of each kind and grand total for 1086. 


Total of each 
Province. 



Total yot lost 


114 


700 
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CLASSIFICATION OF LICENSES AND LEASES. 

Table 41.-— Prospecting Licenses and Mining Leases granted in Ajmer - 
Merwara during the year 1925 . 


1925. 


District. 




* 

No. 

Areas in 

Mineral 



acres. 


Prospecting Licenses. 


Ajmer ..... 

11 

43*83 ' 

Mioa. 

Beawar .... 

1 

6*05 

Graphite. 

Do. 

1 

0*22 

Mica. 

Total 

13 




Mining Leases, 

Ajmer.| 2 J 6*02 j Mica. 


Table 42. —Prospecting Licenses and Mining Lease granted in Assam 

during the year 1925. 



1925. 

District. 

No. 

Area in 
acres. 

Mineral. 


Prospecting Licenses. 


Cachar .... 

2 

13,883*58 

Mineral oil. 

Khasi and Jaintia Hills 

1 

2,518 

Do. 

Lakhimpur .... 

5 

27,520 

Oil. 

Do. 

2 

13,120 

Coal. 

Naga Hills .... 

2 

11,392 

Mineral oiL 

Nowgong .... 

4 

9,658 

Do. 

Sadiya Frontier Tract . 

1 

2,240 

Do. 

Sibsagar .... 

2 

7,840 

Coal and oiL 

fciylhet .... 

3 

18,241 

Mineral oil 

Total 

22 




Mining Lease. 

1 ] 5,817-6 j Coal. 


Khasi and Jaintia Hills 
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Table 43 .—Exploring and Prospecting Licenses and Mining Lease 
granted in Baluchistan during the year 1925. 



1925. 

District. 

No. 

Area in 
acres. 

Mineral 

E 

Kalat ..... 

xploring L 

i 

Jcense. 

Mineral oil. 

Prt 

Kalat ..... 

ispecting 1 

i 

! 

License. 

3,200 

Mineral oil. 

Zhob. 

Mining L 

i 

ease. 

10 

Chromite. 

Table 44. — Prospecting Licenses granted in Bengal during the year 

1925. 

■ 

District. 

1925. 

No. 

Area in 
acres. 

Mineral. 

Pr< 

Chittagong .... 
Chittagong Hill Tracts . 

Total 

ospecting 

i 

e 

Licenses. 

3,001-98 

34,547*24 

Mineral oil. 

Do. 

7 
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Table 45 .—Prospecting Licenses and Mining Leases granted in Bihar 
and Orissa during the year 1925. 


District. 

1925. 

No. 

Area in 
acres. 

Mineral. 

Pri 

Patna ..... 
Singhbhum .... 

Do! 

Do . 

Do. .... 

Total 

ospecting 

i 

i 

3 

1 

1 

Licenses. 

3,552 

340-94 

611-00 

361-20 

332-50 

212-80 

All minerals. 

Limestone. 

Iron ore. 

All minerals. 

Chromite. 

Manganese. 

8 


Hazaribagh .... 
Santal Parganas 

Singhbhum .... 

Do . 

Do . 

Total 

Mining L( 

i 

13 

1 

1 

jases. 

40-76 

1,139-76 

6-79 

462-71 

Mica. 

Coal 

Iron and manganese. 
Yellow ochre. 

Manganese. 

17 


Table 46. — Prospecting Licences and Mining Leases granted in the 
Bombay Presidency during the year 1925. 

District. 

- ■ -- 

1925. 

No. 

Area in 
sucres. 

Mineral 

Pri 

Belgaum .... 

Do. .... 

Kanara .... 

Sukkur .... 

West Khandesh 

Total 

• 

aspect ing 

i 

1 

2 

1 

1 

Licenses. 

1,072-92 

320 

1,848 

0,008-52 

79*17 

Bauxite. 

Manganese. 

Do. 

Mineral oiL 

Coal, white stone, iron, 
mica, and oiL 

6 
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Table 46. —Prospecting Licenses and Mining Leases granted in the 
Bombay Presidency during the year 1925 -contd. 


District. 

1925. 

No. 

Area in 
acres. 

Mineral. 

Kanara .... 

Mining L 

2 

eases. 

126*3 | Manganese. 

i 

_1_ 

Table 47. — Prospecting Licenses and Mining Leaser granted in Burma 

during the year 1925. 

District. 

1 

| 5925. 

No. 

! Aroa in 
acres. 

Mineral 


Prospecting Licenses. 


Akyab 





5 

16,430 

Xatuial petroleum. 

Do. 

• 




1 

5,120 

Natural potroloum and its 
associated In drocai bons. 

Amherst 





2 

2,560 

Sulphides. 

Do.j 





T 

1,280 

All minerals. 

Do. 





5 

G,157 

All minerals except oil. 

Do. 





2 

3,048 

Autiinom. 

Do. 





2 

16,800 

Minoial nil. 

Bliamo 





1 

826 

Allnntieials except natuial 
petroleum and jade. 

K^aukpyu 





1 

1,280 

Natm al pot mlcum. 

Kyaukso 





2 

8,608 

Mwie-als other than 

mineral oil. 

Lower Ckindwin 




4 

8,768 

Natural petroleum, 

Magwe 





18 

20,319 

Do. 

Mandalay 





1 

1,997 

All minerals except oil. 

Meiktila 





1 

307 

(ialona. 

Do. 





2 

4,480 

All minerals except oil. 

Do. 





1 

1,850 

Natural petroleum. 

Mergui 





16 

9,950-26 

Ti n. 

Do. 





18 

16,744-90 

All minerals except oil. 

Do 





24 

15,643-92 

Tin and allied minerals. 

Do 




• 

1 

657-9 

Caasiterite and allied 
mineral 


v 
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Table 47 .—Prospecting Licenses and Mining Leases granted in Burma 
during the yew 1925 —contd. 


District. 

1926. 

No. 

Area in 
aoree. 

Mineral 

Prospecting Lie 

enses —cor 

id. 

Mergtd . 

i 

629-8 

Tin and wolfram. 

Do. 

3 

3,189-76 

Tin and other minerals* 

Minbu .... 

i 

362-64 

All minerals. 

Do. 

3 

3,840-4 

Natural petroleum. 

Myingyan .... 

12 

18,020-84 

Do. 

Myitkyina .... 

1 

8-32 

All minerals except oil. 

Northern Shan States . 

1 

274-66 

All minerals and precious 




stones. 

Pakokku .... 

6 

19,700*8 

Natural petroleum. 

Shwebo .... 

6 

20,984-0 

Do. 

Southern Shan States . 

9 

17,002-4 

All minerals except oil. 

Tavoy .... 

4 

1,817-0 

Tin. 

Do. 

37 

18,767-6 

Tin and wolfram. 

Do. 

7 

4,596-2 

All minerals exoept oiL 

Do. .... 

2 

825-6 

Tin and allied minerals. 

Do. 

1 

396-8 

Tin and other minerals. 

Thaton .... 

3 

3,183-0 

All minerals except oil. 

Thayetmyo .... 

10 

25,964-8 

Natural petroleum. 

Do. .... 

1 

2,444-8 

Chromite. 

Toungoo .... 

1 

640 

All minerals except oil. 

Upper Chindwin . 

4 

8,160 

Natural petroleum. 

Do. .... 

1 

704 

Coal. 

Yamethin .... 

1 

1,555-2 

All minerals except oil 

Total 

229 




Amherst 
Do. . 

Msrgui 

Do. 

Northern Shan States 


Pakokku 


Tavoy 

• # 

Do. . 

4 • 

Do. 

4 • 

Do. . 



. Total 


Mining Leases. 


1 

12,800 

1 

209 

1 

384 

1 

290-32 

2 

348-10 

1 

2,500 

1 

144 

6 

3,248-32 

1 

99-84 

1 

179-84 

16 



Oil shale. 

Antimony. 

Tin ore. 

Tin and allied minerals. 
Iron ore. 

Natural petroleum. 

Tin. 

Tin and wolfram. 
Cassiterite. 

Cassiterite, wolframite 
and gold. 
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Table 48. —Prospecting Licenses and Mining Leases granted in the 
Central Provinces during the year 19-5. 


District. 

1925. 

No. 

Area in 
acres. 

Mineral. 

Prospecting Licenses. 


Balaghat .... 

185 

18,705 

Manganese. 

Betul ..... 

1 

530 

Coal. 

Bhandara .... 

52 

7,011 

Manganese. 

Bilaspur «... 

3 

277 

Mica. 

Do. 

3 

27,:S08 

Coal. 

Chanda .... 

5 

2,538 

Do. 

Chhindwara .... 

12 

3,103 

Do. 

Do ... 

15 

1,758 

Manganese. 

Drug. 

1 

14 

Galena. 

Hoshangabad 

2 

270 

Coal. 

Jubbulpore .... 

29 

2,520 

Manganese 

Do. 

1 

22 

Bauxite. 

Mandla .... 

2 

100 

Mica. 

Do. 

3 

509 

Copper, load, nnca, zinc 




and manganese. 

Do. 

1 

99 

Manganese. 

Nagpur .... 

89 

10,<>75 

Do. 

Do. 

1 

802 

Coal. 

►Seoni ..... 

2 

294 

Manganese. 

Ward ha .... 

l 

145 

Do. 

Do. 

1 

144 

(Nipper. 

Total 

409 





Mining Leases. 


Balaghat .... 

33 

1,821 

Manganese. 

Betul ..... 

1 

105 

Coal. 

Bhandara .... 

4 

178 

Manganese. 

Chhindwara 

2 

102 

Do. 

Jubbulpore .... 

4 

04 

Do. 

Nagpur .... 

10 

344 

Do. 

Narsingpur .... 

1 

222 

Copper. 

Total 

55 




F 2 
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Table 49. —Prospecting Licenses and Mining Leases granted in Madras 

during the year 1925. 



1925. 

District. 

No. 

Area in 
acres. 

Mineral. 


Prospecting Licenses. 


Anantapur . 




1 

22-25 

Barytes. 

Do. 




1 

1,610 

Gold. 

Bellary 




7 

5,844*64 

Manganese. 

Do. . 




1 

200 

Clay. 

Cuddapah . 




1 

.10*51 

Asbestos. 

Do. 




2 

167*23 

Barytes. 

Kurnool 




1 

53*06 

Iron ora 

Do. 




2 

10*0 

Barytes. 

Nellore 




7 

257*49 

Mica. 

Do. . 




1 

54-79 

Garnet. 

Do. . 




1 

15-03 


Salem . 




1 

1,220-34 

Iron, chromite and 

manganese. 

The Nilgiris . 


• 


2 

51908 

Mica. 


Total 


28 




Mining Leases. 


Anantapur .... 

1 

1,604 

Gold. 

Bellary .... 

2 

406*3 

Manganese. 

Cuddaj ah 

1 

6*94 

White clay. 

Kurnool .... 

4 

70*75 

Barytes. 

Do .... 

1 

46 

Manganese. 

Malabar .... 

1 

160 

Gold 

Nellore .... 

10 

760*87 

Mica. 

Salem ..... 

1 

677-70 

Corundum 

The Nibriris .... 

] 

46 

Mica. 

Total 

22 
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Table BO .—Prospecting License granted in North-West Frontier Province 

during the year 1925. 


District. 

1925. 

No. 

Area in 
acres. 

Mineral. 

Prospectinj 

Hazara . . . . | 1 

License. 

4 

i Coal and carbonaceous 
clay. 

Table 51.— Prospecting Licenses and Mining Leases granted in the 
Punjab during the year 1925. 

District. 

1925. 

No. 

Area in 
acres. 

Mineral. 

f 

Attock. 

Jhelum .... 

Mianwali .... 
Rawalpindi .... 
Shahpur .... 

Total 

^ospectii 

i 

9 

1 

1 

1 

ig Licenses. 

20-16 

594-61 

1,792 

2,816 

7,040 

Mineral oil 

Coal. 

Mineral oil. 

Do. 

Do. 

13 


Jhelum .... 

Mianwali .... 

Total 

Minin, 

4 

1 

g Leases. 

625-25 

455 

Coal 

Do. 

5 
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The Metamorphic Rocks and Intrusive Granite of 
Chhota Udepur State. By G. V. Hobson, B.Sc.> 
A.R.S.M., D.I.C., Assistant Superintendent , Geological 
Survey of India. (With Plates 21 to 24.) 


Introduction. 

The metamorphic rocks in Chhota Udepur appear to be confined 
to the north-western corner of the State, covering the greater 
portion of the Kadwal (“ Kad\al ”) taluk. The granite is much more 
extensive, but this paper is confined to a description of an area 
of 152 square miles, including the whole of the Kadwal taluk and 
parts of the Jetpur and Tejgad taluks. This area is bounded 

on the north by the State boundary ; on the west by a line 
running north from near the junction of the Orsang and Sukhi 
Rivers, to the hills south of Kadwal and thence west to the 
State boundary ; by the Orsang River to' the. south ; and bv a line 
running north-west from Kasarmari, north of Chhota Udepur, to 
the boundary of the State north of Ghonta. 

This area was surveyed by W. T. Blanford and the results pub¬ 
lished in 1869 in his memoir on “ The Geology of the Taptee 
„ s and Lower Narbudda Valleys.’’ 1 Blanford de- 

Previous o scrvsr?. * 

scribes most of the northern area of the 

State as consisting of a granitoid gneiss but in the north-western 

corner round “ Kadval ” he describes metamorphic rocks consisting 

of quartzites, conglomerates and slates, to which he gave the 

name Champaner beds, from the old town of Champaner (22° 

29': 73° 32') in the Panch Mahals, formerly the oapital of the 

Mahomedan kingdom of Gujarat. 

P. N. Bose covered the southern and eastern parts of the State, 
the results having been published in his memoir on “ The Geology 
of the Lower Narbada Valley between Nimawar and Kawant.” 2 
The south-eastern corner of the area under report is covered 
by the latter memoir, in which however there is no detailed des- 

1 Mtm.y Oeol . Surv. Ind. 9 VoL VI, Pt. 3. 

* Mem., Oeol . Surv Ind ., VoL XXI, Pt. 1. 
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cfiption of the gneiss, which the map shows to cover the whole 
stretch. 

E. J. Beer in his paper entitled “ Notes on the Rocks from 
Pavagarh to Dohad discusses the peculiar rock types occurring 
in what he aptly describes as the “ retort-shaped hilly area ” which 
lies south-west of Pavagarh Hill, the delivery pipe of the retort 
constituting the hill range south of Kadwal in the north-western 
corner of Chhota Udepur State. L. L. Fermor 2 visited the Cham- 
paner area in 1905 and was struck “ by the extraordinary litho¬ 
logical similarity of the Champaner rocks to those of Jabalpur 
and their consequent probable Dharwar age.” This is a presump¬ 
tion which the writer sees no reason to doubt. 


Topography. 

The topography of the area presents three aspects which are 
closely related to the geological formations. With the exception 
of the extreme north-western corner, constituting the Kadwal talvl, 
the area examined is granite country which presents to view a very 
characteristic topography. This may be described as closely re¬ 
sembling park land, for the most part flat, with streamlets running 
in shallow valleys and two main rivers, the Orsang and the Sukhi, 
flowing between low banks. 

This park land is broken at intervals by typical hog-backed 
hills of granite ranging up to 500 to 600 feet above the general 
level and presenting characteristic curved surfaces due to weathering 
by exfoliation, or a tumbled heap of rounded boulders, or some 
combination of the two. In addition to these granite hills there 
are a few sharp peaks, such as Hill “ 1028 ” just south of Nar- 
vaina, five milts south-south-east of Kadwal, consisting of massive 
quartzite. 

The second type of topography is that presented by the hill 
range of metamorphic rocks running in an easterly and westerly 
direction just south of Kadwal. Here the hills rise suddenly from 
the Kadwal plain, towering up to the peak of hill 1400,” which 
is the highest point of a rampart-like quartzite ridge running like 
a wall for several miles, and broken only at four points where 


i Trans, Min . GsoL InsU Ind. t Vol. XIII, pp. 73-127. 

* if#**., Osolr Surv. Ind VoL XXXVII, pt $, pp. 281-2, 
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■treams have cut gorges forming waterfalls and rapids. South 
of th s there is an elevated plateau of very hilly country, 
built up of metamorphic rocks, descending more gently to the 
granite plain to the south. 

The third type of topography is that of the Kadwal plain running 
north from the quartzite ridge above mentioned, as far as the State 
boundary. This ar(a is marked by comparatively low hills of more 
or less uniform elevation wi h narrow valleys between. Some of 
the hills owe their preservation to quartz veins running through 
them ; others are well roundt-d and in many cases are cultivated 
right over the top, in otlmr cases they support scanty scrub jungle. 

The south-western section of the area examined is drained by 
the Ani River and another unnamed tributary of the Orsang River, 
whilst the north-western and western sections are drained by the 
Sukhi River with an unnamed tributary flowing from the north¬ 
west out of Kadwal taluk . All these streams flow over wide sandy 
beds between low banks with occasional outcrops of rock breaking 
through the sand. They all cease to flow during the dry season but 
water is obtainable by sinking to no great depth in their sandy 
beds. 

With the exception of scrub jungle on the hilly plateau south of 
Kadwal and on some of the hills north of that place there is no 
extensive forest growth in this area. The area between the Orsang 
and Sukhi rivers north of Jetpur is covered with a black cotton 
soil on which cotton is grown, but the remainder of the granite 
area has a light sandy soil which does not appear to be much culti¬ 
vated. As already mentioned the soil in the phyllite area appears 
to be fertile, many of the hills there being cultivated right over their 
tops. 


Geological Formations. 

The geologioal formations of this area fall into two divisions, 
namely :— 

(1) quartzites, solus's and phyllites, 

(2) granite or granitoid gneiss. 

In addition there are certain intrusive dykes of younger age than 
the granite. The first of the above divisions constitutes the rooks 
known as the Champaner beds, of probable Dharwar age according 
$o Fermor. 
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Granite or granitoid gneiss covers the whole area with the excep¬ 
tion of the north-western corner and certain isolated patches of 
Granite o«' granitoid crystalline schist or gneiss, limestone und quart- 
zite and a few intrusive dykes of trap. With 
only a minor exception to be described later ~ the whole of the 
granite is remarkably constant in composition, the chief variation 
being in its texture. 

In colour the granite is mainly greyish white owing to the felspars 
being mostly white, which colour is toned to grey, by the abundant 
biotite present, when the rock is viewed in bulk. A finer grained 
variety- 34/899 how ver, shows faintly pink owing to the colour 
of the felspars. The exception to the normal type of granite is 
34/993 which is a fine-grained granite in which the felspars are 
pink and the resultant rock of a salmon-pink colour ; microcline 
is absent. This specimen is from near Kasarmari, north of 
Chhota Udepur, and it is noticeable that the granite in this south¬ 
eastern corner is much pinker in colour and more gm-issic in 
structure, than at Tejgad where .1 is massive and white in colour and 
has been quarried in places to provide stone for building the 
railway bridges. 

Microscopically the granite varies from a greyish white to salmon 
pink colour and in texture from the finest microcrystalline up to 
a coarse granitic structure; in th‘ latter type occur felspars up to 
24 mm. by 9 mm. and flakes of biotite up to 4 mm. across, as seen 
in specimen 34/895. In the coarse varieties the rock consists of 
clear quartz, felspar and biotite in about equal proportions. The 
felspars are faintly pink, appear quite fresh and unaltered and can 
be seen to be twinned by the naked eye. Muscovite is almost 
absent, so that the roik is a biotite granite. 

Microscopically the rock is seen to be a normal granite in which 
quartz, felspar and biotite predominate, with very subsidiary mus¬ 
covite only in ceriain slides; traces of magnetite are observable 
in some cases. The felspars are but little altered and consist 
mainly of microcline and albite. 

It is the writer’s opinion that this granite or granitoid gneiss is in¬ 
trusive into the Champaner beds and therefore post-Dharwar in age. 
The evidence on this point is not conclusive but the following points 
lead to this supposition. 

For the most part the granite is devoid of any gneissio structure 
but in certain cases the rock near the boundary is markedly gneissic 
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and the direction of the foliation is parallel to the strike of the meta- 
morphios. This is particularly well seen south-south-west of Dhan- 
pur and to a lesser extent north-west of Hatipagla, on the east side 
of the nala south-west of Ghonta, south-east of Kundal, north- 
north-east of Motipura and against the quartzite on the west side 
of the ridge south-east of Kasarmari. This points to the conclusion 
that this marginal foliation was induced during the process of 
intrusion. 

The general strike of the mefcamorphics is north-west and south¬ 
east but on the margin of the granite masses the schists can be seen 
bending round just as would be expected if the granite had forced 
its way up into them. Thus north-west and north of Raipur 
“Raypur” the metamorphics are seen to swing from N.W.- 
S.E. to N.E.-S.W., to E.-W. and again N.W.-S.E. round the 
granite boss of hill “ 1478.” 

The northern half of the Kadwal plain has innumerable quartz 
veins intruded into the phyllites and these are probably connected 
with the granite intrusion. Pegmatites are also found in certain 
places, intruded into the crystalline schists and, though it was not 
found possible to trace any of these into the granite, there is little 
doubt in the writer’s mind that they are in fact connected with the 
last stages of tho granitic intrusion. These pegmatites appear to be 
of no great size and are not of economic importance. They are 
found near the quartzite inlier west of Sihod. The metamorphics 
near Raipur are intruded by quartz veins carrying black tourma¬ 
line : the biotite gneiss of hill ‘‘ 1235 ” is traversed by pegmatites 
ar are also the schists north of Kundal. Hill “ 849 ” is intruded by 
pegmatites which are also seen in the nala south-east of Kundal. 
The biotite gneiss of hill ‘‘ 952 ” and the inlier at Bijol are both 
intruded with pegmatite veins. 

A glance at the map will show that the granite area is dotted 
with inliers or perhaps xenoliths of quartzite, schists, and limestones 
of the Champaner beds, these inliers or xenoliths being roof pendants 
of the original rocks into which the granite was intruded. That 
there are no traces of marginal metamorphism is not surprising, 
since the metamorphism of the Champaners was prdbably so com¬ 
plete as to be little affected by the subsequent grante intrusion. 
There are varying degrees of metamorphism in these beds but these 
variations appear to be due to greater compression and folding in 
certain areas rather than to the intrusion. Metamorphism has 
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been most complete near the Raipur granite boss where there are 
only crystalline schists with occurrences of quartz-epidote and 
quartz-epidote-garnet rock, whereas the phyllites round the granite 
boss of hill “ 1252 ” show little or no change from normal. 

The most striking feature of the Chaippaner beds is unquestion¬ 
ably the quartzite forming ridge ‘ £ 1400 ” south of Kadwal. This 
quartzite is of varying thickness ris’ng to 30-40 
feet; there is another thinner bed a short 
distance to the north. The quartzite of hill “ 1400 ” dies out on the 
east at a point south of Vishengarh where it presents to view a mass 
of rock like the end of a ruined wall, rising sheer for some distance 
above the surrounding rocks and in marked contrast to the rounded 
contour of the granite hill “ 1478.” From this point the quartzite 
runs south-west for a mile-and-a-half and then turns west-north¬ 
west for a mile ; north-north-east of Kevra the bed makes a double 
right-angle bend and continues along its original direction but 
displaced to the north. At the point where th ; s double bend 
occurs the quartzite has evdentlv been weakened by the flexion, 
and streams draining Kevra have broken through to the north-east 
forming a gorge through the quartzite. Plate 3, figure 1 shows a 
half end view of the quartzite on the western side of this gorge, 
taken from the north. 

The quartzite is then continuous to the valley south-east of 
Khandi, in which the main workings of the Pani manganese mine 
are situated ; it is seen projecting into the east side of the valley 
but is here much thinner than in the gorge to the east. Here the 
quartzite loses its prominence and ceases to form the spine of 
the ridge, but there are indications that it continues across the 
valley and, after crossing the valley of the stream flowing from 
Itvada, appears to die out to the west. In Plate 1, figure 2, taken 
from the north-west, the quartzite is plainly seen entering the east 
side of the valley and there are indications of it on the knoll in the 
centre. 

The ridge to the west still has quartzite bands, not of the same 
thickness, forming the spine, but these appear to be disconnected. 
It is possible that the beds were originally continuous. The valley 
south of Khandi was evidently the scene of considerable folding in a 
vertical plan©! which has bent the manganese reef into the form 
of a much flattened S, whereby the general direction has been main¬ 
tained but the western arm displaced to the south. The forces 
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which would bend the more or less flexible beds containing the reef, 
in this way, would be liable to fracture and crush the more brittle 
quartzite bed, this fractured portion being then more readily denuded 
away. This bending of the manganese reef is clearly shown by the 
line of opencast workings seen in Plate 1, figure 2. 

These quartzite bands have all been tilted into an almost vertical 
position indicating considerable orogenic disturbance; at the 
eastern end of the Pani workings it was seen that the manganese 
reef had been thrown into a number of sharp overfolds which, while 
preserving a general high angle of dip, repeat the bed by the folding 
of a single original bed. This is indicated in Plate 2, figure 1, 
which shows a cross section of the reef repeated by overfolding. 

The neighbourhood of the quartzite, particularly to the south, 
is the scene of the highest degree of metamorphism yet seen in the 
Champaner beds; it s only equalled by the are^ of considerable 
disturbance round Kundal and hill “ 849.” 

Immediately south of the quartzite is a thin bed of conglo¬ 
merate the presence of which is indicated in a few places only 
and then mainly in the form of debris, the occurrence of the 
bed in situ being masked by debris from the quartzite spine. In 
the gorge south of Sarsuva on the western boundary of the State 
the conglomerate is seen as a narrow band in situ against the 
southern side of the quartzite band. M croscopically the specimen 
(34/928) resembles an autoclastic quartz conglomerate mainly con¬ 
sisting of fine material but containing one quartz pebble two inches 
long by an inch wide. Microscopically it is seen to consist of rounded 
and angular fragments of quartz in a finer mosaic of quartz with a 
little mica tending to wrap round the quartz grains ; the writer thinks 
that it is a true conglomerate. In the gorge south of Undhania 
a very quartzose rock, resembling a metamorphosed conglomerate, 
was observed containing nodules of quartzite ; no other occurrence 
at that time was observed. Again to the north-east of 
Kevra the conglomerate was seen almost in situ on the south 
side of the quartzite ridge. North-west of Raipur the bed could 
not be seen in situ but considerable debris s scattered on the 
slopes of which 34/978 is a piece; this hfos all the appearance 
of a true conglomerate. — 

In the gorge south of Sarsuva at the line of the sonthem band of 
quartzite, the stream-bed consists of a calcareous conglomerate 
evidently of recent origin. The writer think? that this must be the 
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petrified waterfall described by E. J. Beer 1 at Poili, though this 
name cannot be located. The stream seems to have scoured out 
a deep pot-hole between the two quartzite bands occurring here 
and, when the limit of its excavating power was reached, the 
pebbles brought down were deposited in the cauldron and cemented 
in with calcareous matter derived from beds above. Finally the 
northern quartzite bed collapsed and was washed away, leaving 
a more or less cylindrical plug of calcareous conglomerate, the site 
of the present fall. This is doubtless being gradually undermined 
and broken off but a plug some 150 to 180 feet across and not 
less than 50 feet thick remains. The bed of the stream is also 
lined with similar material for some distance above the fall. The 
bed of the stream flowing past Bhabar is similarly covered 
for some distance with calcareous conglomerate, but there is 
here no fall. 

South of the quartzite phyllite occurs, whilst further south this 
gives place to a calc-granulite forming a belt running eastwards 
and traced as far as the stream flowing to Bhabar, where, how T ever, 
it has decreased very considerably in thickness. This is a dark grey 
rock in some bands of which occurs a mineral in very fine fans of 
radiating needles which glisten slightly and are evidently harder 
than the main mass of the rock as they tend to stand out on weather¬ 
ing (34/931) ; other bands have the same mineral occurring in hap¬ 
hazard needles (34/932). Microscopically the rock is seen to be made 
up of granular calcite with a colourless amphibole (tremolite). To 
the south this rock gives place to a pinkish friable limestone (34/934), 
also containing traces of tremolite and some quartz. 

In the low ground here there is phyllite whilst the ridge near 
the boundary is made up of a gneiss (34/935) consisting mainly of 
clear bluish quaitz in rounded grains in a groundmass of quartz, 
muscovite and biotite with a certain amount of tourmaline. One 
of the quartz grains has three idiomorphic crystals of tourmaline 
developed in it. On the south side the rock becomes much 
finer textured and of a reddish tinge, but retains the same con¬ 
stitution. 

All these beds have an approximately east and w r est strike and 
dip at a very high angle, being in fact practically vert cal. About 
a mile eastwards a similar sequence is observed. Starting from the 


1 Trane Min, Geol Inst . Ind ., VoL XIII, p. 107, 1919. 



34a 


Records of the Geological Survey of India . [ Vol. MX- 

quartzite of the ridge and proceeding south, there is first phyllite 
and then an area of mixed quartzites and limestones. Some of the 
former are haematite quartzite (34/940) whilst the latter contain 
green fibrous actinolite (34/949); one outcrop consists entirely of 
radiating fans of green actinolite, weathering brown, the calcareous 
matter having been apparently all weathered out. This gives 
place to white crystalline limestone with bands containing fibrous 
white tremolite in radiating fans (34/942). There are also bands of 
the grey calc-granulite. Just across the stream the phyllite is 
seen and extends to the top of the ridge where there is a belt of 
quartzite with the gneiss previously observed. In the stream-bed 
to the east is a waterfall produced by the belt of quartzite crossing 
the stream; much of this is a haematite quartzite (34/943) some 
30-40 feet in width striking east and west and practically vertical. 
Below this is the phyllite which, near the junction of the streams 
in the valley below, gives place to the calc-granulite; here, 
however, it is quite a thin band. 

The villages of Jhari, Kalikui and Bhabar, in the south-western 
comer of the Kadwal plain, all lie on a belt of very similar calc- 
granulite in which, however, there is a greater proportion of silica 
at the expense of the calcite and the amphibole is replaced by 
chlorite. This belt can be traced to the State boundary near Sarsuva 
and thins out in the stream-bed south of Khandi. It appears in the 
field as jagged outcrops of almost coal-black rock in which numerous 
veins of white quartz form a striking contrast. To the north the 
actual boundary of this bed with the phyllite is masked by alluvium, 
whilst to the south the rock passes by transition through a quartz- 
biotite-schist containing calcite, to the mica-schists and phyllite 
of the hill range. 

This completes the description of the hill range to the south 
of Kadwal. The plain, from the foot of the range northwards for 
some two miles, is built up of phyllites or clay-slates of a greenish 
colour and rather soft. This area is much covered with alluvium 
and the rocks give rise to no striking topographical features. The 
streams run in comparatively deep courses cut through the mantle 
of alluvium into the soft phyllites. 

The northern portion of the Kadwal plain right up to the State 
boundary presents, however, a different aspect. Here the surface 
consists of small hog-backed hills of no great elevation and of more 
or less uniform height, the majority of which owe their existence 
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to a spine consisting of quartz veins or thin beds of quartzite, the 
remainder of the hill being the normal phyllite. 

The strike in this area is between W.N.W.-E.S.E., and E.-W. 
with the exception of the eastern side where the strike of the 
phyllites can be plainly seen curving round the granite mass of hills 
“ 1462,” “ 1252 ” and “ 1386.” The dip is always at a very 
high angles, sometimes one way and sometimes the other. Whilst 
engaged on this work the writer took this dip and strike as 
being that of the original bedding and it was only in the course 
of the last day’s work that slight evidence was found tending to 
upset this idea. 

Whilst travelling down ,the valley between Amadara Nana and 
Amadara Mota it was observed that the expanse of rock from 
the Kadwal hills to the State boundary may, possibly, be not a 
simple sequence of clay slates and quartzites but a repetition of 
the rocks by overfolding, with the same general dip, though with 
minor variations, but always a very high angle. Furthermore, north¬ 
west of Jogpura there is a speckled quartzite (34/913) which is 
repeated at an interval of about half-a-mile to the north. On 
the last day in this area a small exposure of rock was found just 
where the stream crosses the State boundary north-west of Khand, 
in which bands of varying colour were observed in the slates, 

making a distinct angle with the cleavage. These bands are due 

to the greater development of biotite in the darker bands due 

to difference of composition in the original rock; hence these 
bands mark the original bedding. Additional evidence on this point 
is necessary but the writer is inclined to the theory that this 
area is covered by rocks which have been thrown into very sharp 
folds or even overfolded, and that these tectonic movements have 
induced a cleavage in the rocks at an angle to the direction of 

pressure. Hence this cleavage is, for the most part, parallel 

to the original strike and dip where the beds have been tilted 
at high angles but at the anticlines and synclines the cleavage 
makes a variable angle with the original bedding and it is this 

that was observed near Khand. 

Prior to leaving Chhota Udepur City the writer was informed 
that galena occurred in the Kadwal taluk and on arrival an 
effort was made to locate the mineral. The occurrence was 

finally located on a small hill about one mile north-west of 

Jogpura. As is so often the case this hill has a spine consisting 
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of a vein of quartz and in the soil round this the galena is found 
in loose lumps much of which consists of cerussite. In the short 
time available a certain amount of surface scratching was done 
but the mineral was not located in situ (see page 354). 

The mixed phyllites and schists of the Champaner series con¬ 
tinue in an east-south-easterly direction where hill “ 849 ” and the 
oountry surrounding it consists of the more highly metamorphosed 
rocks of the series, namely mica schists with numerous quartzite 
bands and at least one belt of calc-gneiss. Hill “ 952 ” to the south 
consists of biotite-gneiss similar to that observed all round the 
granite boundary from north-west of Raipur, round hill “ 1478.” 

In the village of Chetapur Chaena there are two thin bands of 
white limestone in the prevailing phyllites and here a black earthy 
material was found which proved to be wad (see page 354). 

The granite appears to cut off entirely,the metamorphic rocks, but 
there are two points where this is doubtful. The first is in the stream 
running north-east to Dungarbhint. About one mile east of Kundal 
the granite was observed both north and south of the stream but 
in the valley no rock exposures were found; pending examination 
further east of this point the boundary here must be left in some 
doubt. The other doubtful point is the Sukhi River valley south¬ 
east of hill * c 952 ,’ 9 which is again alluvium-covered. Granite is seen 
in the villages of Dungarvant and Kirkavada and again in the fork 
of the river and the hill north-west of Sagdhara but not between. 
To the south-east, however, hill ‘"1102” is composed of granite but 
hill “ 1235 ” is biotite-gneiss, with granite to the north of it again. 
It seems, therefore, a reasonable supposition that the biotite-gneiss 
stretches across from hill “ 952” to hill “ 1235,” this being the 
direction of strike, and it is accordingly so marked on the map, but 
the possibility must not be overlooked that the granite actually 
comes up between and is masked, in which case hill “ 1235 ” would 
be an outlier of Champaners. 

With the exception of numerous other small outliers of schist, 
quartzite and limestone, the rest of the area examined consists of 
granite, which has already been described. 

There is a long narrow outcrop of limestone running roughly 
east and west lying just south of hill “1122” to the north-east of 
Malu. At the western end this is of a green colour, weathering 
almost white inside, though nearly black on the outside (34/98fi). 
Microscopically the rock is seen to consist of granular calcite with 
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serpentine, winch latter by alteration is becoming opalised; it is- 
evidently this opalisation which results in the white colour of the 
weathered rock. 

Limestone also occurs just west of the village of Malu and a white 
crystalline limestone or marble is found on the road from Tejgad to 
Chhota Udepur at the village of Dhandora. Outliers of biotite 

gneiss occur at Bijol and Chilarwat and indicate a general conti¬ 
nuation of the belt forming hills 44 952 ” and 44 1235 ” to the north¬ 
west. There are also numerous roof pendants of quartzite similar to 
those seen at the western end of the area examined. 

The youngest rock formation of the district consists of small 
dolerite dykes which have been intruded through the granite. Five of 
these have been observed, the largest being 
* rtjs ie * about half-a-mile north of Gelwat and traceable 

for half-a-mile, making a gradual curve from a northerly to a north¬ 
easterly direction. The dyke is of no great thickness, though 

wider than any of the others. 

Similar dyke-material may be seen penetrating the granite just 
against the south side of the road bridge west of Gelwat. (It 
should be noted that the present alignment of the road from 
Chhota Udepur to Dhandora lies somewhat north of the line 
marked on the map.). Here the trap is seen penetrating the granite 
on which the bridge is founded, as a dyke 35 teet wide with a 
second 20-foot dyke to the south and 45 feet of granite between 
them, with Irap overlying it. The whole is overlain by alluvium 
which comes down on the south side masking the trap which 
may or may not be wider than the 20 feet observed. The whole 
mass here is very rotten and weathered but the occurrence can 
be clearly seen and this is the only instance of anything in the 

nature of a lateral flow of the trap wh ch was observed. North 

of the bridge there is another small dyke penetrating the granite. 
The third occurrence is just north-west of Kasarmari where the 
line of a thin trap dyke, running approximately N. N. E.—S. .S. W. 
is marked by surface boulders. This can only be traced for quite 
a short distance each way. The fourth occurrence is a small dyke 
running almost due east and west in the stream-couise just south of 
Khajuria. The fifth and last occurrence was observed just south 
of the defile between hill 44 922/' south-east of Malu, and the hills 
running south-east. This is quite a narrow dyke which is shown 
mainly by rounded boulders cn the surface. The dyke runs due 
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•east and west and was traced for about half-a-mile. At only two 
points was anything in the nature of a section observed, where 
two "small streams had cut slightly into the trap and the adjacent 
granite. Actual contact specimens were obtained here (34/984, 34/985, 
34/986, and 34/987) and these show that the dolerite has been 
intruded into a somewhat crushed granite, with the production of a 
hybrid rock. Fine needles of felspar have been developed in the 
granite, occurring as radiating fringes round the original felspar 
crystals and with the same optical orientation (see Plate 3, figs. 1 
and 2). 

Economic Geology. 

Manganese is easily the most important mineral of economic 
value occurring in the area under examination. As already men¬ 
tioned the manganese reef occurs on the north 
side of the hill range south of Kadwal, lying 
quite close to the quartzite spine of ridge “ 1,400”. Just prior to 
-the European war of 1914-18 the property was worked by a German 
firm and after the outbreak of hostilities it passed under the control 
oi the Shivrajpur Syndicate, managed by Messrs. Killick, Nixon 
& Co. of Bombay, who took over the property on the understanding 
that no concession to work any minerals should be granted within 
a radius of six miles from Pani. 

Up to the present the entire work has been done by opencast 
with the result that a great gash has been cut along the hillside, 
as may be seen in Plate 1, figure 2, and most of the evidence as to 
the original formation has been destroyed. The workings, however, 
clearly show the acute fold by which the reef has been turned back 
on itself for some 300 to 400 feet and then back again parallel to 
the original direction but displaced to the south. Evidence of the 
original width is lacking but the width now varies from a few feet 
up to forty feet, the reef being almost vertical with perhaps a slight 
tendency towards a dip to the north. The ore appears to be the 
result of the replacement, more or less complete, of quartzite by 
oxides of manganese. Sporadic occurrences of very high grade 
pyrolusite are found from tune to time, yielding ore containing as 
much as 95 per cent, of pyrolusite and more (M. 781). 

In addition to the main fold about the centre of the workings 
mention has been made of minor folding at what was the extreme 
eastern end of lie workings at the time of examination. Some 
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•distance west of this point, what appeared to have been a trial pit 
had been sunk and then cut open from the front, and in this the 
folding could also be seen. Here the reef consists of clayey wad- 
like material mixed with quartzite in all stages of conversion into 
manganese ore and having a four-inch selvage of unaltered, reddish- 
brown quartzite on each side. Some of this quartzite shows den¬ 
dritic markings 34/953). On the outer side the reef rests against 
phyllite, and the apex of a fold is just -seen with its upper limb 
running across the back of the pit. There is a white clayey rock 
•between, which is a decomposed phyllite (34/952). This rock also 
overlies the top arm of the fold with another section of the reef 
crossing the pit just under the surface debris. The top limb is 
just visible in Plate 2, figure 2, with the intervening phyllite below 
and the centre limb of the reef with its quartzite selvage clearly 
seen in the centre of the photograph and the fold and lower limb 
of the reef on the right. The photograph had to be taken at an 
awkward angle and under bad lighting conditions but with the aid 
of the sketch, Plat* 3, figure 3, it becomes fairly clear. 

Comparatively little work was being done at this eastern end, 
the chief effort being confined to the section on the main fold and 
the westward extension just started and seen on the extreme right 
of Plate 1, figure 2. The reef has in places been workel out to a 
depth of fiom 40.to 50 feet and the floor has thus been brought 
down to plain level and even a little below so that drainage ceases 
to be natural. Furthermore, trouble is now likely to be experienced 
from the weight on the back wall due to the ridge behind. This 
wall is much higher than the front owing to the steep slope of the 
ridge, as can be seen in Plate 1, figure 2, and it is cut on 
the dip, which is very steep or practically vertical. To reduce the 
weight on this back wall would involve the removal of an impossible 
amount of waste, and opencast working has in many places reached 
its limit. 

There is evidence, in the shape of old workings, showing that 
the reef extends westwards to beyond the stream south-west of 
Khandi and the writer was informed that it had been found more 
or less continuous right along to Shivrajpur. On the eastern side 
there is a knoll at the end of ridge “ 1,400 ” south of Vishengarh, 
consisting of quartz-tourmaline rock in which there are signs of old 
pits and trenches which were said to have been dug for 
manganese, without success. 
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As already mentioned manganese was found to occur a t the* 
village of Chetapur Chaena some six miles east-south-east of the 
Pani workings. It seems quite possible that this is an easterly 
extension of the same reef, or perhaps an easterly detached occur¬ 
rence on the same strike, if the deposits here prove to be in the form 
of detached lenticles. No evidence of manganese was found between 
these points or further eastwards. 

A monorail was originally built from Champaner Road, on the 
Bombay, Baroda and Central India Railway main line, to Shivrajpur, 
to take out the manganese ore from that place. This line was 
subsequently replaced by a metre-gauge line which was later extended 
to Pani to tap the manganese deposit in that area. Hence the 
railway development of this part of the State is due to the occurrence 
of payable manganese. 

Another metallic mineral found to occur in the area examined 
is the galena previously mentioned, located on a hill north-west of 
^ Jogpura This wap the only occurrence actu¬ 

ally peen, but as galena is generally reported 
from Borkunda it seemp quite possible that a detailed search might 
reveal other deposits, though several other reputed occurrences were 
sought without success. The galena appeare to be associated with 
the quartz vein, though this was not actually proved, and the 
whole of the northern part of the Kundal plain is riddled with such 
veins. A sample of the material collected was assayed for silv<r; 
the results showed 76 per cent. Pb, which would of course be 
low, being a pot assay result, and silver in the proportion of 
24 oz. 4 cwts. 3 grs. per long ton, which may be taken as 


Iron. 


correct. 

Iron in the form of hsematitic quartzite occurs in the hill range 
south of Kadwal, on both sides of the central valley. A quartz 
vein crossing the stream flowing out from 
Itvada also carries specular iron ore. None 
of these occurrences are of economic value owing to the difficult 
country in which they occur, the smallness of the deposit and its 
distance from any smelting area. 

Turning now to the non-metallio minerals of economio importance,, 
the crystalline limestones occurring as outliers in the granite are 
worthy of attention. The outlier near hill 
“ 1122,” north-east of Malu, consists of a 
serpentine marble of an oily leek-green colour; it is of a comparar 


Limestone. 
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tively fine texture, will take a good polish and should make a very 
handsome ornamental stone for interior decoration. 

White marble has been used in the construction of the new 
palace in Chhota Udepur. This was brought from a point near 
Jamla, north-north-east of the city, but the locality has not yet been 
examined. Similar material occurs just across the Orsang River 
south of the city, where it is used for lime burning. This also is out¬ 
side the examined area but the limestone found at Dandora is the same. 

The calc-granulite from the central valley of the Kadwal hill 
range is very fine textured and the radiating fans and needles of 
amphibole lend a sort of pattern to the stone. The stone is dark 
grey in colour. It should make a useful building stone for certain 
purposes but would probably prove to be less easy to cut, dress and 
polish than ordinary marble owing to the amphibole in it; it 
also occurs in rather inaccessible country. 

The calc-granulite occurring north of the hill range has been 
used in the past for lime-burning; it would probably make an 
indifferent lime owing to the admixture of chlorite and quartz 
which freely occur. The quartz in the stone would also make it 
a hard rock to cut and dress for building purposes. 

Lime-burning is carried out at Khandi, near Pani Railway 
Station, the raw material being kankar carted from Borkunda. 

Kankar This kankar has evidently resulted from the 

decomposition of the metamorphic rocks and 
has been concentrated in patches and pockets along the stream - 
course in Borkunda, whence it is being dug out and carted to Khandi. 
The presence of these lime kilns located almost on the calc-granulite 
and yet using kinkar from five or six miles away indicates that 
the material got by burning the calc-granulite was at any rate not 
good enough for sale in the open market. 

In the stream-bed south of Kundal a series of calcareous rocks 
is exposed, one of which is a calcareous graphitic schist crossing 
the stream-bed as a black band. The band is 
rap Ite. quite thin and the schist is not sufficiently rich 

in graphite to be of any economic value, as far as the exposure 
examined is concerned. 

The pegmatites of hill “ 952 ” were reported as yielding mica up 
to four inohes square but though some of them 
Mica. looked somewhat promising nothing approaching 

this size was found. 


H 
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Much of the granite in the area examined would make very 
excellent building stone, particularly certain of the 
Oranlte. medium and finer textured varieties. Some of 

this granite has in fact been quarried from near 
hill “ 1326 ” at Tejgad and certain other places and used in the con¬ 
struction of bridges on the railway line to Clihota Udepur. Beyond 
this there appears to be but little local demand for the stone and for 
export purposes transport charges would probably be prohibitive. 

The favourite material for road-metal in the area appears to 
be the quartzite from the various inliers. The stone is hard and 
Road metal might for this reuson be thought good for 

road-metal, but although hard, it is brittle and 
under load and impact it breaks up readily and is ground to a 
fine white dust; it is in fact poor material for roads. 

The granite of the area would make a fairly satisfactory road- 
metal if care were taken to employ only the finest textured material. 
Even this would not make a really first-class road-metal. Unques¬ 
tionably the best material available is the dolerite of the dykes 
already mentioned. This is a very fine-textured rock, and is 
extremely tough and resistant to wear. In using this rock, however, 
weathered-out boulders should be rejected as such material is always to 
some extent superficially rotten. Freshly quarried stone broken 
into angular fragments will make the best metal both for binding 
in the road and for wear. 

All the water-courses in the area examined were already dry 
w when the district was reached early in February 

and the only surface supply of water observed 
was a large tank on the river bank at Jetpur. 

The soil is for the most part readily porous to surfaoe wfcter, 
which finds its way down to but a little depth. Thus comparatively 
shallow seepage wells are found to yield quite good supplies of water and 
even as late as May, after an exceptionally hot and dry season, shallow 
holes in stream-beds were still yielding water supplies for whole villages. 

In the area examined the only important site with regard to 
water questions, is the elevated plateau south of Kundal. Here 
there oocur three small catchment areas drained by the streams 
flowing out through narrow gorges south of Bhabar, south-west of 
Khandi and south of Undhania. Owing to the narrowness of the 
gorges the areas could be impounded by the building of quite small 
dams and the rook foundations would be suitable in every way. 
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EXPLANATION OF PLATES. 

Plat* 21, Fio. 1.—Western end of Quartzite Ridge in the gorge south of 
Undhania. 

tt Fiq. 2.—General view of the Pani Mine from the north-west. 

Plate 22, Figk 1.—Folding of Manganese Hoef at the eastern end of the Pani Mine. 

» Fia. 2.—Folding of Manganese Reef near the eastern end of the Pani Mine. 

Plate 23, Flo. 1.—Photomicrograph of granite-dolerite hybrid rock showing 
aggregates of secondary felspar needles in the S. W. 
quadrant and secondary felspar fringes round original crys¬ 
tals in the centre andN. E. quadrant. 

,, Fig. 2.— Same as Figure 1, but with nicols crossed showing secondary 
felspar fringes in optical continuity with original felspar. 

,, Fio. 3.—Sketch section of the manganese reef at the eastern end of the 
Pani Mine. 

Plate 24. —Geological Map of Chhota Cdopur State ; scale 1 inch=l mile. 
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1 These longitude readings are those of the old wap and require correcting by 
the addition of ^ 27/' 
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Remarks on the known Indian Species of Conocly- 
peus, with Descriptions of two new Species 
from the Eocene of North-West India. By 
Major L. M. Davies, R. A. (With Plates 25 to 26.) 


It does not seem that any Indian species of Conoclypeus has 
ever yet been identified with an European one. In- 1889-94 Cotteau 
recognised three French species and eighteen foreign to France 1 ; 
among the latter he admitted, as distinct from each other and from 
the rest of the then known types, the six Indian species described 
by Duncan and Sladen. 2 It is worth remarking that Cotteau 
rejected the earlier described C. Jlemingi of d’Archiac, owing to the 
indeterminate character of the specimen upon which the species 
was founded, of which the genus itself is uncertain 3 . It appears, 
from the figure given in d’Archiac and Haime’s own work, 4 * that 
this caution is well justified. 

Since Cotteau wrote his comments, a number of new species of 
Conoclypeus have been described in other countries (though no more 
in India), and we have probably now to recognise about 40 species 
instead of the 21 of Cotteau. It does not seem, however, that any 
European or other western specimen has yet been found which 
exactly corresponds to an Indian one. 6 On the other hand, the 
Indian specimens seem to form a fairly closely related group among 
themselves, to which the two new species now about to be de¬ 
scribed also appear to belong, without being actually identifiable 
with any of the forms already known. As I have recently been 
given, through the courtesy of the Director of the Geological Survey 
of India, the fullest opportunity of examining the original specimens 

1 44 Echinidee Eocenes 99 by Q. Cotteau, Pfdceontologie Franptfse, 1-re Serie, VoL II, 
p. 196, ft 

1 Pal Jnd ., Ser. XIV, VoL I, Memoir 3, Fa*. II and ILL 

* Op. gU . 9 pp. 214-215. 

4 Ann. Foss, du Groups Numm. de Vlnde , 1853, p. 215 and PL XV, fig. 1. 

* The western forms which approach the Indian types most closely seem to he 

C. dehnoum P. de loiiol, 1880, from the Eocene of Egypt, 0. vilanova. Cotteau, 1890, 
from the Middle Eocene of Spain, and C. pyrtnaicus Cotteau, 1856, from the Middle 
Eocene of France and Spain. 
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from which Messrs. Duncan and Sladen described their species, 
I am in a position to describe the new types with some confidence 
in regard, at least, to their differences from those which approach 
them most closely. 


Conoclypeus pilgrimi, sp. nov. 


General remarks. 


Plate 25, figs. 1—6, Plate 26, figs. 1 and 2. 

This form appears in considerable numbers in a particular 
limited zone of the Eocene rocks of Kohat (33° 35' 30"; 71° 30' 
to 71° 33'), and its chief interest lies in 
the fact that it is the first Indian type of its 
genus to be described from a large number of fairly well preserved 
specimens, collected within a small aiea, at an exactly definable 
stratigraphic horizon. Not only, therefore, can all its main 
characters be ascertained with certainty, but the general constancy 
to type of the specimens, together with the impossibility of separat¬ 
ing them into more than one species, allows one both to judge of 
the characters which seem to be variable, and also to refer with 
Some confidence even to comparatively minor details of form, wdiere 
these seem to belong to the type rather than to the individual. * The 
new type thus markedly differs from those Indian species (i.e., 
sindenfris, declitris , gcderus 1 and rostratus) in which one or more 
features—apical system, periproct or peristome—are totally unknown, 
and which have sometimes also been obviously distorted in shape by 
rock pressure. Even the holotypes of pinguis and alveolatus , which 
are really beautiful and almost perfect specimens, seem to stand 
alone as representatives of their species ; so it is not certain to 
what degree their minor characters are specific rather than in¬ 
dividual. In other words, G. pinguis and C. alveolatvs are at 
present the only two really well defined Indian species of this genus ; 
the new species makes a third, with the added advantages of being 
represented by a fairly large number of specimens and coming 
from an exactly definable stratigraphic zone. 


1 Cotteau renamed this species C. duncani, to avoid confusion with C. goisnu Bchaf- 
hantl, 1863. Presumably duncani is therefore its correct name. As I am referring 
only to Indian species in the body of this paper, however, I am retaining the more 
familiar Indian name for the type. My references therefore are to C. gaUru* D. A 6., 
)884, non Sch&fhautl, 1863. 
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The test is large, about 130 mm. long, and subconical, its height 
being about 54 per cent, of its length. 1 Its apex is slightly (or about 4 
per cent, of its length) excentric to the front, and 
Description o spec es. d or8a i outlines descend from apex to 

ambitus in regular curves, the anterior curve being more convex 

than the posterior, but leas ao than those to the sidee. The ambital 
margin is somewhat tumid in front, less so at the sides, and com¬ 
paratively sharp in the rear. 

The actinal surface is concave, and sub-oval in shape. Its 
greatest width is opposite the extremities of the anterior lateral 

petals, or about 15 per cent, excentric to the front, and equals 
about 80 per cent, of its length. The average concavity of the base, 
as measured in twelve specimens, equals 10 per cent, of the height 
of the test. This concavity, however, though always present, is apt 
to vary. Most specimens show a concavity of from 8 to 12 per cent, 
of their height, but in one it is only 2 per cent., and in another' 
as much as 17 per cent. 

The apical plate is pentagonal in shape, with four large genital 
pores at the four anterior angles, and a somewhat pronounced 
tongue at the imperforate and posterior fifth. The whole plate 
is punctured with madreporite pores, with the exception of a narrow 
imperforate rim (not always distinguishable) round each genital 
pore. The ocular pores are small, and the ocular plates impinge 
slightly upon the sides of the epical plate. 

The ambulacral petals 2 are wide, and slightly and evenly sunken 
through the greater part of their length. The anterior petal is 
straight; the anterior laterals curve slightly forwards ; the posterior 
laterals are slightly and gracefully sinuous, curving outwards 
somewhat sHarply for the first third of their course, rather less 
sharply through the middle third, and again inclining more out- 
war ily for the last third. They terminate well above the ambitus 
(about l£ cm. above it in the adult). 

The poriferous zones are broad; their breadth increases some¬ 
what rapidly for a short distance from the oculars, then more gra- 


1 This represents the average height of 12 specimens. Height seems to vary con¬ 
siderably in this species, being as little as 50 per oent. in some and as much as 58 per cent, 
in others, with every gradation in between. The figured specimen is higher than the 
average. 

2 x use the term*" petal ”, for convenience, to denote the portion of the ambulacrum 
, supplied with conjugate double pores, whether the end of the same is constricted or 

not. 
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dually for the rest of the first third of the length of the petal, after 
which it remains constant through the middle third, and decreases 
again gradually through the lower third. The petal is finally 
terminated in somewhat abrupt fashion, the outer pores in the last 
3 or 4 pairs separating from each other and approaching their 
respective inner pores, so that the groove joining the last pair is 
only about J to j as long as the grooves in the middle of the petal, 
and is inclined at about 30° to 60° to the ambitus. A single 
row of pores continues from the end of the petal to the peristome, at 
each margin of the amb. As the latter nears the peristome, a narrow 
but widening and deepening granular border appears at each of 
its margins. Within this border the pores become first crowded and 
irregular, and finally appear to be regularly doubled, the outer ones 
being slightly larger than the inner. 

The pairs of pores in the ambulacral petals are numerous, the 
outer pores being longer than the inner. The grooves joining them 
are deep, and all but the last few are straight and lie p.rallel to the 
ambitus. The costae between the grooves are ornamented with 
closely packed granules, not disposed in even rows as with some 
other species. 

The interporiferous zones are about four-fifths of the width of 
the poriferous areas in the middle third of the petal, and widen 
by about another fifth towards the end of the petal, as the poriferous 
areas contract. Their ornamentation is crowded, uniform with that 
of the inteT-radial areas, and consists of the usual small, equal, per¬ 
forate and crenulate tubercles, sunken in aureoles. 

On the actinal surface the anterior amb is seen to be straight, 
while the anterior laterals are slightly convex, and the posterior 
laterals markedly c mcavo, to the front On approaching the peri¬ 
stome the whole ambulacrum sinks, troughwise, between the ad¬ 
jacent inter-radial areas, and assumes a convex surface owing to 
the deepening and wid ming of the granular borders mentioned 
above. 

The inter-radial areas of the abactinal surface are slightly tumid 
at their junctions with the ambs, but smooth and somewhat flat 
between, with an inclination to slight depression at the median line 1 . 

1 In .these respects C. pilgrim 1 differs from all the types figured by Duncan and 
Slader sinoe the latter either have more rounded inter-radial areas (eindensis, declivis 
sp., galerus, ro&tratus and alctolalus), less tumid margins {pittgui$ and galcrua), or poste¬ 
rior ridge (sindensti galerus> roetratu*, pinguid and alvcoktiu *), # 
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The peristome is central or sub-central, pentagonal, transversely 
broad. 

The periproct is ovate, elongate longitudinally, with the smaller 
end towards the peristome. In the largest specimens its elonga¬ 
tion is veTy marked, and its position is close to the ambital area, 
which it touches but does not transgress. In the smallest and 
presumably least mature specimens, however, the periproct is marked¬ 
ly shorter and rounder, and partly situated cn the ambitus, its plane 
being inclined to the actinal surface. Intermediate stages, in shape 
and position, are found in specimens of intermediate size. 1 

The specimens were found in considerable numbers, about 4 
to 6 miles east of Kohat, in beds composed of limestone bands 
with stiff yellow calcareous clay partings. 
T *ptcies. poBWion of The position of these beds suggests their 
correlation with the mid-Laki “ Alveolina 
Limestone ” of Sind. Thus they are underlain by a considerable 
thickness of clay beds which appear to correspond to the Lower 
Laki “Meting Shales,” since local traces of vegetable remains are 
found at that level, and they are overlain by some 600 feet of beds 
with a Laki fauna on top, which seem to correspond to the “ Ghazij 
Shales ” etc., of Upper Laki levels. 2 

The fauna of the limestones themselves also bears out their 
mid-Laki character. Thus they not only contain such typical 
Laki foraminifera as Nummulites atacicus and Assilina granulosa , 
besides many Laki molluscs, but they are crowded with Alveolina 
oblonga together with Orbit olites complanatus , a typical “ Alveolina Lime¬ 
stone ” combination arf found in Sind 3 and Southern Tibet. 4 * Ihmiasler 
apicalis D. & S., said by Vredenburg to “ characterise ” the Alveolinc 
Limestone of Sind, 6 has also been found in these limeston ^s. 

1 A similar movement of the periproct, away from the apex and towards the peri¬ 
stome, has been reoorded and figured by A. Agassiz, when describing the development 
of Brtssopsis lyrifera and Echinarachnius parma (see Plates XIX. f. 1, 4, and XII f. 1, 
4, 9, etc., in his Revision of the Echini f Pt IV, Structure and Embryology of the Echini . 
in Memoirs of the Museum of Comparative Zoology , Harvard, Vol. Ill, p. 744, etc.) 

a Discussed in detail in my “ Notes on the Geology of Kohat,” published in 
Vol. XX Joum. As. Soc . Bengal. 

3 Thus Geological Survey of India specimens No. G. 280-115 and G. 280-77 (6), 
from the Alveolina Limestone of Sind, closely resemble specimens from this horizon at 
Kohat. 

4 0. Pal tnd New Ser., Vol V, Mem. 3, pp. 42, ff., and PI. XVL In his notes 
for a Memoir on Indian AlveoHnes, which he was preparing at the time of his death, Mr. 
Vredenburg stated that these forms were collected from the Alveolina Limestone of 

Southern Tibet. 

* Rec. Oeol. Sun Ind. t Voh XXXIV, p, 193f, 
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It seems therefore that this Conodypeus belongs to the mid-Laki 
“ Alveolina Limestone ” zone. It is thus approximately associated 
with C. aheolatus , the only other member of the genus to have been 
reported as yet from the Laki; although the zonal placing of alveo¬ 
latus, within the Laki, does not seem to be so exactly known. 

I am taking the liberty of naming this species after Dr. Pilgrim, 
of the Geological Survey of India, who was the first to suggest my 
studying the geology of Kohat. 


General remarks. 


CONOCLYPEUS WARTHI, sp. noV. 

Plate 26, figs. 3—6. 

Only one specimen is known of this form. It was collected 
some years ago by Mr. H. Warth, late of the Geological Survey 
of India, from the vicinity of Jutana (32° 
4373° 9£'). The stratigraphic horizon from 
which it came is not recorded. Although it stands alone, however, 
the specimen is so strongly marked in every way that it seems 
undoubtedly to constitute a perfectly distinct species, and the 
Director of the Geological Survey has kindly permitted me to 
describe it. 

The test is large, bigger even than a full-grown C. pilgrimi. 
Its dimensions are: length, 144 mm.; breadth. 109mm.; height 

_ . ^ 78 mm. The apex is 78 mm. from the poste- 

Dcicriptlon of species. , . ,, r , , , , - i 

nor end of the test, or about 5 per cent, ex- 

centrio to the front. The peristome, so far as one can judge from the 
converging ambs on the actinal surface, should be about 82 mm. 
from the posterior end of the test, thus being even more excentric 
forward than the apex, a singular feature for this genus. 

The base of the test is semicircular in front of the peristome, 
and pointed behind, thus being more or les, kite-shaped. 

In side elevation the test is very tumid, and higher behind the 
apex than in front. The anterior profile runs almost directly for¬ 
ward from the apex, with a descent of only £th of the height in Jths 
of the distance from apex to anterior margin; after which the profile 
ourves rapidly over and descends almost vertically for the next 
two quarters of the height, and then swings round in a semicircle, 
downwards and to the rear, for the last quarter. The anterior 
ambitus is thus very rounded and tumid, unlike any other Indian 
species. To rear of the apex, the profile rises slightly for Jrd of the 
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distanoe to the posterior margin, then swings round and downwards 
in a broad curve, and finishes with the last 4 cm. of the profile as 
a straight line descending at over 70° to the ambitus. Thus the rear 
portion of the ambitus is almost rectangular in profile, and in marked 
contrast to its very rounded shape in front. 

The cross elevation of the test is also peculiar, as the lines of the 
profile go out horizontally from the apex for at least \ the distances 
to the sides, then swing round in bold convex curves and finally 
descend, for the lower half of the total height, in vertical or even 
recurved lines ; so that the top of the shell appears to be quite 
flat, as seen from the rear (or front), and overhangs the ambitus 
on both sides. 

Thus the appearance of the test as seen from beneath, from the 
side, or from either end, is most unusual, and quite unlike that of 
any other known Indian species of thi< genus. 

The ambulacral petals terminate far (at least 2 cm.) above 
the ambitus, and the petal ends are of the usual Indian type, though 
slightly more tapered and with the terminal conjugate grooves 
slightly more horizontal than in C. pilgrimi. The poriferous areas 
axe very broad ; for the first half of the petal length they are about 
twice as broad as the interporiferous areas. At the ends of the petals, 
however, the interporiferous areas become nearly as broad as the 
poriferous at their widest. The poriferous areas exhibit much 
the same general plan of increase and decrease in width as is 
found in C. pilgrimi , but the terminal portion is rather more 
tapered. 

The interambulacra 1 areas are striking in appearance, represent¬ 
ing a great exaggeration of tendenci< s only faintly indicated in 
C. pilgrimi. Thus the petals, as with that species, are sunk evenly 
between the interambulacrals for at least three quarters of their 
length, but they are flunk far more deeply. The interambulacrals 
are alflo far more tumid at their junctions with the ambs, and the 
tendency to centjral depres ion, noted in pilgrimi , is here so exagger¬ 
ated that distinct median grooves appear, giving a singular appear¬ 
ance to the te>t. 

There is also a similar, but much slighter, median depression in 
the interporiferous areas of the ambs. 

The ornamentation of the test is of the usual pattern, but the 
test is too weathered for details to be seen, e.g ., on the cost® between 
the conjugating grooves of pore-pairs. All one can say is that the 
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ornamentation, though close, is not quite so olosely packed as in 
C. pilgrimi. 

The details of the apical disc are unfortunately indistinguishable ; 
the whole region of the peristome has been destroyed, so that no 
details can be recorded there. 

The periproct is ovate, elongated longitudinally, with narrow 
end towards the peristome. It is situated close up to the ambitus. 
Its shape and position are thus much as in C. pilgrimi, but it is 
distinctly smaller (14 by 10 mm. instead of 18 by 11 mm; even a 
C. pilgrimi only 115 mm. long has a periproct 15 by 10 mm. in size). 

It is impossible to say exactly what the character of the actinal 
surface of this te^t may have been, as so much of its central portion 
has been destroyed. It was probably slightly concave. 

The Indian species of (\moclypeus, including the two new ones 
here described, have a family resemblance in the uniformly excentric 
positions of their apical discs, in the great 
position of spe- width (even exaggerated in rostratius) of the 
poriferous as compared with the interporife- 
rous portions of their ambulacral areas, and in the nature of the con¬ 
jugating grooves of their pore pairs, these being uniformly hori¬ 
zontal (i.e., parallel to the ambitus) instead of being curved as in 
the figures of so many western types. The petals also always end 
well above the margin, and except in alveolatus - abruptly ; they are 
also invariably equal o sub-equal in each pair. 

There is, however, an apparent tendency in these Indian types 
to modify certain details in successive zones 1 : — 

(a) Thus, if we examine the proportion of petal width measured, 
for uniformity, in the middle of the petal -to total length 
of the test, we find it to be as follows : 


Ranikot. 

Laki. 

Khirthar. 

10*4 per cent., sindensis 

14-5 per cent., alveolatus . 

16-5 per cent., pinguis . 

9*9 per cent., sp. 

15-0 per cent., pilgrimi 

14-0 per cent, rostratu*. 

12-3 per cent., dedivis * . 

.... 

15*6 per oent., golem*. 


1 I follow the stratigraphic placing of Duncan and Sladen’s species as given by 
Vredenburg, Rec., Geol. 8urp. M VoJ. XXXIV, pp. 187, 188, 190 and 194. 
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(6) Measuring the lengths of anterior, and posterior lateral, 
petals, we find the latter to exceed by the following 
proportions :— 


Ranikot 

Laki 

Khirthar. 

17 per oent, eindensis 

16 per cent, alveolatus . 

11 per oent, pinguid 


13 per oent, pilgrimi • 

5 per oent, rostratus . 



8 per cent, galerus. 


(c) The relative heights of the tests, in ratio to their total 


lengths, are as 

follows :— 


Ranikot. 

Laki. 

Khirthar. 

44 per oent, eindensis 

61 per cent, alveolatus 

58 per cent, pinguis. 

47 per oent, sp. 

64 per cent, pilgrimi 

60 per oent, rostratus. 

44 per oent, declivis 

.... 

57 per oent, galerus . 


There is thus, together with the family resemblance between the 
Indian types, an apparent general tendency (a) to increase the pro¬ 
portion of petal width, (6) to level up the petal lengths, and (c) to 
increase the relative height of the shell. 1 It is true that these results 
are based on the examination of only a very limited number of 
species. It is also true that discrepancies exist; thus rostratus 
is backward in (a) and (c) but advanced even for its stage in (6), 
while alveolatus is very advanced in respect of (c), but the general 
tendency does seem to exist, nevertheless. 

It is interesting, therefore, to note that the proportions of warihi 
are in these respects as follows :— (a) 13-5 per cent., (b) 15 per cent., 
(c) 54 per cent. Thus although the horizon from which it came 
is not recorded, the proportions of warihi seem to indicate, in ail 
three respects, that it belongs to the Laki stage. This, too, is 
probably the case; for as warihi was found near Jutana, the 
likelihood is that it oame from the Eocene rocks in that vicinity, 

1 It a ill be noticed that the tendency is, in each case, to de-specialise the type. 
This may possibly be analogous to the partial de-specialisation of other types— t,g. the 
u ncoiling of Ammonites—prior to their extinction. It will be remembered tjiat Conocly- 
peus does not stem to h^ve survived the Eooeqe, 
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and these seem to be limited to the Nummulitio limestone of the 
Punjab Salt Range, which I believe to be of Laki age. Thus I agree 
with Mr. Pinfold in thinking that this limestone is of infra-Khirthar 
character, 1 since I have found it capped, on the flanks of the 
Nilawan Ravine, by fossiliferous outliers of Laki days. Dr. Pascoe 
,8 apparently also of the same opinion, as he classes this limestone 
as “Lower Nummulitic ,, and “Hill Limestone,” i.e ., infra-Khirthar. 2 
Throughout ^the Punjab Salt Range, too, including exposures at 
Jutana and in the Nilawan Ravine, this limestone seems to be 
underlain by gypseous beds with ooaly layers, which seem to 
correspond to the “ Meting Shales ” (cj. Mem., Oeol. Surv. Ind., Vol. 
XIV, pp. 105, 138, 142, 192, etc.). Besides this, the limestone 
itself is characterised by the locally abundant presentee of “ large 99 
gastropods, bivalves and echinoderms, together with Orbitolites 
and Alveolinw (ibid, pp. 69, 106, etc.) All these are very definite 
indications that the Salt Range Nummulitic limestone corresponds 
to the mid-Laki “ Alveolina Limestone.” The great size of uxirthi 
also agrees well enough with its derivation from a horizon which 
has produced so many other large species, e.g., C. piligrimi 
Cerithium giganteum, Lucina gigantca, etc. 

It seems, therefore, that C. pilgrimi certainly, and C. warthi 
almost cortainly, must be regarded as characterising the Alveolina 
Limestone level of the Indian Laki series. There are thus now 
t hree known species of this genus attributable to each of the three 
great Indian Eocene stages. 

1 Rer. t Oeol. Surv . Ind., Vol. XLIX, p. 150. 

* Mem., Oeol. Surv. Ind., Vol XL, Ft. 3, pp. 343-344. 


EXPLANATION OF PLATES. 

Plats 25, Fig. 1 .—Conodypeus pilyrimi (G. S I. Reg. No. 3422). Longitudinal 
profile of the test, seen from the right. Half size. 

„ „ 2. (G. S. I. Reg. No. 3421).—The same, seen from the left. Half 

size. 

„ „ 3. (G. S. I. Reg. No. 3420).—The same, seen from the rear. 

Half size. 

„ „ 4. (G. S- I. Reg. No. 3417).—Abactinal view of the same 

specimen. Half size. 

„ „ 5. (G. S. I. Reg. No. 3419).— Actinal view of another specimen. 

Half size. 
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EXPLANATION OP PLATES, — contd. 

F’late 25, Fig. 6. (Q. S. I. Reg. No. 1252).—Actinal view of a young specimen. 
Half size. 

„ 20 „ 1 . (G. S. I. Reg. No. 3418).—Abactinal view of another speci¬ 

men, to show shape of apical disc. Magnified •£. 

„ „ 2. (G. S. I. Reg. No. 1253).—Abactinal view of another speci¬ 

men, to show imperforate rims round genital pores. 
Nat. size. 

„ „ 3. (G. S. I. Reg. No. 3425).— Conoclypeus warthi. Longitudinal 

profile of the test, seen from the right. «Half size. 

„ „ 4. (G. S. I. Reg. No. 3426).—The same, seen from the rear. 

Half size. 

„ „ 5. (G. 8. I. Reg. No. 3424).—Abactinal view of the same. Half 

size. 

„ „ 6. (G. S. I, Reg. No. 3423).—Actinal view of the same. Half 

size. 
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MISCELLANEOUS NOTE. 

Ornament of heated Talc from Mohenjo Daro. 

The specimen heroin described was submitted for examination by the 
Archffiological Survey, who obtained it from the excavations at Mohenjo- 
Daro in the Indus Valley. It is a broken fragment of what was originally 
a hollow circle, of the nature of a bangle, with a comparatively small in¬ 
ternal diameter, probably of about 7 to 8 eras., and a depth of about 4 cms. 
The fragment received was a segment about 5 cms. in length ; the maximum 
thickness.was about 1 *5 cms., tapering to the top and bottom by curvature of 
the outer surface. The inner surface was smooth ; the outer surface had on it 
a pattern in relief consisting of pairs of circles and trefoils. The fragment 
had fractured at points where small circular holes pierced it from the out¬ 
side to the inside, the holes being directed towards the centre of the circle. 

There was evidence that the pattern had been carved and not moulded, 
as there were signs of the cutting tool having slipped in a few places. 

The material had an irregular fracture, a specific gravity of 2*75 and a 
hardness of about 6. Under the microscope a thin section proved to be 
semi-transparent with fairly high relief, while a few grains irregularly 
disposed showed high polarization colours. There appeared to be an 
ill-defined cleavage and the outward appearance somewhat resembled 
felspar; the cleavage however, was not sufficiently distinct, and the 
specific gravity and the refractive index were too high. 

As no decision could be arrived at by physical and optical tests, a 
small fragment was broken off in such a way as not to damage the carving, 
and was analysed with the following result : 

SiO s .. 92*87 per cent. 

Al t O a & Fe,() a ....... 313 per oent. 

CaO ......... traces. 

MgO .. 32-57 per cent. 


98-57 


There was not sufficient material to allow determination of the moisture; 
some is present but the amount lies well within the 1*43 per cent, available 
in the above analysis. 

The analysis corresponds very closely with the composition of talc, the 
only factor against it being the hardness. A piece of ordinary Indian steatite 
was, therefore, subjected to a temperature of 1150° C. for half an hour in the 
blow burner and was found to have acquired a hardness of approximately 6. 
It had lost the slightly grey, greasy look of the original material and was pure 
white with an irregular fracture resembling the specimen under investiga¬ 
tion. A microscope slide was cut of this heated talc and its appearance 
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closely resembled that of the specimen under investigation. The only 
difference between the two slides was that it was impossible to cut the 
control section quite so thin before it began to break up. 

It therefore appears evident that the Mohenjo-Daro specimen had been 
carved out of natural steatite in the first instance and had then been sub¬ 
jected to a high temperature which induced upon it the high hardness of 6. 
This most interesting case shows the high degree of technical knowledge and 
skill among this ancient civilization, the date of the city of Mohen-jo-Daro. 
from which the specimen was recovered having been placed at about the 
third millennium B. C. 

G. V. HOBSON. 
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The Occurrence of Low-Phosphorus Coking Coal 

IN THE GlRlDIH COAL-FlELD. BY CYRIL S. FOX, 
D.Sc., M.I.Min.E., F.G.S., Assistant Superintendent, 
Geological Survey of India. (With Plate 27.) 


1.—Introduction. 

I T has been the prevailing opinion for more than half a centuiy 
that the coking coals from the Gondwana fields are charac¬ 
terised by a relatively high j)hospliorus content. This is laid to be 
particularly true of the coal from seams in the Damuda valley and 
Giridih Coal-fields. It has been claimed that but for this feature 
India might have been a great producer of pig iron of Bessemer 
quality and an important manufacturer of ferro-manganese of the 
highest grade. It is true that pig iron with less than 0*06 per 
cent, of phosphorus can only be made from specially chosen raw 
materials. It is also true that even with the best available domestic 
ores and coke it has so far been impossible in India to produce either 
Bessemer pig or ferro-manganese equal in quality to the best English 
material. In both these cases the high phosphorus content of the raw 
materials has been directly responsible for the lack of success. The per¬ 
centages of phosphorus in the iron ores of Bonai, Mayurbhanj and 
Singhbhum are well known to the chemists of Jamshedpur, Kulti 
and Hirapur. These metallurgists are, presumably, equally familiar 
with or not entirely ignorant of the amounts of phosphorus in the 
various Indian manganese ores. 

o 2 
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The statement has been made (“ The Metallurgy of Iron/’ 1909, 
page 199, by T. Turner) that “ If it is desired, with an ore containing 
50 per cent, metallic iron, to produce pig iron containing under 
0*06 per cent, of phosphorus, the ore must not contain over 0*02 
of phosphorus unless the coke contains less than this small proportion. 
Hence some cokes are unsuitable for the production of iron of Bes¬ 
semer quality.” It is not my purpose to discuss any other subject 
than that of the phosphorus in Indian coking coals and the coking 
coals of Giridih in particular. This factor of 0*02 per cent, of phos¬ 
phorus as a maximum percentage in metallurgical coke will be 
adopted in this paper in dealing with Indian cokes for the above 
mentioned special smelting purposes. It is also beyond the scope of this 
paper to make any suggestions with regard to similar investigations 
in the case of non-coking coals, iron ores, manganese ore, and the 
fluxes limestone and dolomite. A perusal of the available data shows 
that a great deal of testing has been done and numerous analyses 
have been made, but that only in exceedingly rare instances have 
special maps or plans been kept indicating the exact position from 
which the various samples were obtained. Without such a record 
probably more than half the value of an analysis is lost. 


2.—Various Coking Coals. 

The best quality metallurgical coke from coking coal of Indian 
origin has long been reputed to come from the Giridih field. Its phos¬ 
phorus content was said to average 0*05 per cent, if the coke were made 
from selected lump coal of the lower Karharbari seam. At present only 
‘ slack ’ is being used for coke making. This material is not only from 
2 to 3 per cent, higher in ash than the good lump coal but also carries 
a larger proportion of phosphorus, so that the present-day Giridih 
coke frequently contains more than 0*08 per cent, of phosphorus. 
Among other good metallurgical cokes may be mentioned that of 
Bararee (machine-cut slack, No. 15 seam, an analysis of which is 
given below). Another Jharia coal, that from Jamadoba (mixture 
of Nos. 17 and 18 seams) which, as seen in the analysis below, carries 
a very high percentage of phosphorus, is also of good coking quality. 
Analyses of coking coals from the Raniganj field are also shown, 
including one from the Barakar measures (Ramnagar seam) and 
others from the Raniganj series (Dishergarh seam, Saltore). It may 
be here mentioned that the Chanch-Begonia-Rampur seams and the 



373 


Pabt 4. ] Fox : Law-Phosphorus Coking Coal, Qiridih , 

thick Laikdih-Borea seams (Barakar stage) are also reputed to be of 
fair coking quality, but the phosphorus content of these coals is not 
at present ftilly known. 

The coal of the lower sections of the thick Bokaro field seams has in 
several places been proved to be of good quality and to possess strong 
coking properties. As regards the Sirka-Argada upper seam of the 
Karanpura field, I have seen excellent samples of coke, made at 
Loyabad, from a mixture, 50—50, of this coal with Saltore (Dis- 
hergarh) slack. Beyond the limits of the Damuda valley the coals 
of Gondwana age appear, in general, to be either non-coking or to coke 
weakly. In the case of the Kanhan coal in the Satpura field and the 
Rajgumar seam in the Korba field the coal has been found to possess 
fairly good coking properties, but the coke is not strong enough for 
furnace loads. Judging by the analysis of the lb River coal from 
Rampur Indian coals outside the Damuda valley vicinity are freer 
from phosphorus than the seams of Giridih, Raniganj, Jharia, etc. 
The sulphur content of the excellent coking coals of Assam makes them 
unfit for metallurgical work. 

With regard to the analyses shown in tables I and II attention 
is drawn to the fact that in some cases the reckoning is given on a 
moisture-free basis so that I have re-calculated the percentages 
to include the moisture for correct comparison. With reference 
to the detailed composition of the ash the percentages are in terms 
of the coal. This makes it easier to see the true amount of the 
impurity, etc., in the coal. The data for New South Wales are re¬ 
calculated from data in the Department of Mines , Mineral Resources 
Bulletin , No. 23, 1916, a report by L. F. Harper and J. C. H. Mingaye* 
The analysis of the remarkable anthracite coal from Natal is quoted 
from page 39 in the brochure of the Imperial Mineral Resources 
Bureau on “ Coal, Cj)ke. and by-Products,” (1913-19), Part II, 192]* 



Table I.— Analyses of Indian Coals . 
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The Research Department of Messrs. Bird & Co., through Dr. 
E. Spencer, has very kindly given me the following particulars, 
regarding stray analyses by Valentine, of the phosphorus content of 
some cokes made from various seams in the Jharia coal-field :— 


No. 

Seam. 

Ash. 

Phoaphorua. 

13A 

Jharia (Standard) hard ooke 

13*0 

0*03 

14 

Ditto. 

16*7 

0-05 

16 

Ditto. 

17*4 

0-12 

13 

Loyabad (PH 6)*. 

24-0 

0-025 

IS 

Ditto. 

17-0 

0*097 

14 

Ditto. 

16*6 

0-058 

13 

Loyabad (Pit 6)*. 

17*8 

0-093 

14 

Ditto. 

20*0 

0-088 

0 

Govindpur soft ooke. 

27-0 

0-027 

10 

Ditto . 

26-0 

0-066 


Bottom team (Choranpore?) 

21*0 

0*04 

16 

Standard hard ooke • , . . . 

30-84 

0-59 

16 

Loyabad (No. 3 incline top aeotion) 

17-0 

0*15 

16 

Ditto (bottom aeotion) , 

20*1 

0-26 

11 

Jharia Khae hard ooke. 

24-6 

0-22 

IS 

Ditto. 

19-0 

0*24 

1 

Teholmoni hard ooke. 

20-0 

0-17 

14 

Ditto. 

21-0 

0-23 

13 

Sandra soft ooke .. 

22-0 

019 

14 

Ditto ...... 

19-6 

0-14 

16 

Ditto. 

21-8 

0-23 


MB .—These figure* are for coke and not coal, but a* all the phoaphorua will be found 
in the coke it 1* only neoesaary to know the volatile Matter in the corresponding ooa) to 
arrive at the phospbonu figure foe the ooaL * 

* Compare with No. S analysis In Ifctye I, 
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It may here be mentioned that the average ash, sulphur and 
phosphorus percentages in the coke used by the Tata Iron and 
Steel Company may be taken respectively as 21 to 22, 0*6 and 
0*16 respectively. * . 

The analysis of the lb River (Rampur Colliery) coal is shown 
below together with the rather exceptional analysis* of a low- 
phosphorus Jharia coal (No. 14A seam, Standard colliery) :— 


lb River No. 14A Beam 
Coal. Jharia. 


Fixed carbon 

• 

. . 


51 13 

62-93 

Volatile matter . 

. 

. 


30-01 

27-7* 

Moisture . 

•. 

a a 


2*50 

1-09 

Sulphur . 

. 

. 


0-36 

T 

Ash .... 

• 

• 


1600 

8-26 

Details of ash in percentages of the coal:— 
Silica. 


7-76 

4-89 

Alumina . . • 




6-61 

2-65 

Ferric oxide 




1-23 

0*31 

Manganese oxide 




0-305 

• • 

Lime 




0-24 

0-127 

Magnesia . 




0128 

0-101 

PhosphoriQ pentoxide 




0-083 

0-019 

Other constituents 




0-79 

• 9 

Phosphorus in the coal 




0-035 

0-009 

Analysis of lb River ooal supplied by F. G. PeroivaL 

Analysis of 14A seam Standard Colliery supplied by E. Spencer. 



From the analyses given above it is seen that very few Indian cbals 
would give a coke within the limit 0*02 per cent, phosphorus pre¬ 
viously accepted as a maximum. Dr. E. Spencer of Bird Sc Co., has 
published one analysis of coal from No. 14-A, seam (Standard col¬ 
liery, Jharia) which shows a phosphorus percentage in the coal as 
low as 0*009 and says that No. 14 seam in the same area also shows 
a low phosphorus content in some analyses. None of the Australian 
coals, not even that used by the smelters at Waratah, will give 
a fuel suitable for the production of pig iron of Bessemer quality. 
Certain South African coals (Dumbi with 0*01 and Natal (?) 0*008) 
give a phosphorus percentage which is satisfactory, but I have not 
been able to obtain the necessary details of their composition, 


• See alio analyfii No. ? tft L 
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The exceptional Natal (Vryheid) coal quoted by me is used for gas 
making, largely for the recovery of ammonium sulphate owing to 
its richness in nitrogen. Among British coals the coke made from 
Newcastle coal contains as little as 0*012 per cent- of phosphorus. 
In Yorkshire the phosphorus content of the coke varies from 0*009 
(Monckton) to 0 022 (Barrow) and 0*032 (Robin Hood) per oent. 
Derbyshire cokes have percentages of phosphorus from 0*006 (Hucknall) 
and 0*011 (Bentnick) to 0*036 (Bolsover). South Wales coale give 
cokes with from 0*022 to 0*05 per oent. 

On the Continent, Ruhr coke averages 0*022 to 0*035 per cent, 
of phosphorus, but there is a noticeable increase in the phosphorus 
content from “ fat ” coals (Gelsenkirchen, 0*0146 P.) to “ lean ” coals 
(SprocknOvel, 0*0248 P.). Normal French cokes contain from 0*022 
to 0*04 per cent, of phosphorus. Of 56 analyses of Westphalian 
coke 4 samples showed less than 0*01 per cent, of phosphorus, 41 con¬ 
tained between 0*01 to 0*02, 10 varied between 0*02 and 0*03 and 
only one had over 0*03 per cent, of phosphorus. 

In America, “ Pennsylvania coke shows on an average 0*01 
per cent, of phosphorus, that from Mingo mountain (Tenn) 0*008 
per cent., and Puineville coke only 0*007 per cent, of phosphorus. 
A larger quantity is found in coke from West Virginia, which 
has 0*027 per cent., while that from Illinois contains 0*033 per cent. 
In coke from upper Freeport coal (Alleghany River), McCreath 
found phosphorus to the extent of 0*1085 per cent., the coal itself 
containing 0*0684 per cent.” (“Chemistry of Coke,” 1904, page 
119, W. Carrick Anderson.) 

It is not to be forgotten that many foreign coals are amenable 
to improvement in quality by washing. This treatment at present 
appears to be unsatisfactory with most Indian coals. In this 
connection may be mentioned the case of the coal used in the Mount 
Lyall Coke Works at Port Kembla in New South Wales, where an 
unwashed coal (A) gave washed coal (B) with a coke (C) having 
the following composition :— 





(A) 

(B) 

(C) 

Moisture 

• 

# 

0-77 

0-72 

0-73 

Volatile matter 



. . 22-30 

23-56 

1-14 

Fixed oarbon . 

- 


• - 60*81 

63-62 

81*87 

Ash . , 


* 

. . 16-12 . 

11-10 

15*95 

Sulphur . 


• 

. . 0.262 

0-269 

0-31 

Specific gravity 

. 

a 

♦ ♦ 1*406 

1-385 

im 
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The ash of this coke (C) contained :— 

Moisture at 100°C ..... 

Silica. 

Alumina. 

Ferric oxide. 

Ferrous oxide ...... 

Manganese oxide 

Lime. 

Magnesia. 

Barium oxide . . . .• . . 

Strontium oxide ..... 
Soda 

Potash ....... 

Lithia ....... 

Titanium oxide ..... 

Phosphorus pentoxido .... 

Van ad 10 oxide .... 

Sulphur trioxide ..... 

Phosphorus in coke ..... 


0*07 per oent 
6411 
33*46 
4-76 „ 

0-23 „ 

trace 
1*92 ' t# 
0-63 
0-30 
present 
0*61 
174 
present 
1-45 „ 

0-50 
0*01 
0*55 

0033 


Analyst H. P. White : See Paper by Harper and Mingaye (op cit). 

It is unfortunate that no detailed analysis of the ash of the unwashed coal is available 
ub the percentage of phosphorus in the two coals,—unwashed (A) and washed (B)— 
might have been compared. 


3.—Qiridih ; Karharbari Lower Seam. 

While preparing my report on “ The Raw Materials foi the 
Iron and Steel Industry of India ” for the Tariff Board in 1923 1 , 
I noticed marked variations in the percentages of phosphorus in 
different analyses of Indian coking coals. From the available data 
it was impossible to discover if those variations in the phosphorus 
content were due to a variableness in the original constituents of 
the plant material or to the impregnation of the coal by secondary 
calcium phosphate. I believed that a large part of the phosphorus, 
and therefore the variable part, had been introduced into the coal 
subsequent to its formation. In this opinion I found myself in 
agreement with the views of the metallurgical chemists at the three 
smelting centres in India. Dr. E. Spencer of Messrs. Bird A Co.’s 
Research Department had meanwhile produced evidence in support 
of this opinion and handed me a copy of his published work. With 
this 1 tthnll deal later. I had, previous to obtaining any knowledge 


i See Tr*t u. Mia, CM, Inal. Jntk, Vol XX, Ft. B, 1996. 










380 


Records of the Geological Survey of India. [ Vox*. LXX. 


of his work in this connection, decided to investigate the matter, 
and chose as the most suitable place the East Indian Railway 
collieries at Giridih. With the very kind assistance of Mr. H. 
Lancaster, Superintendent of these collieries, carefully collected 
samples were obtained from Serampore colliery and Karharbari 
colliery. The places were selected with regard to the location of 
faults, dolerite and mica-peridotite dykes and certain areas free 
of these disturbances (See Plate 27). Mr. A. Dawes Robinson 
of the Bengal Iron Co., Ltd., at Kxriti very kindly undertook to have 
these samples analysed. His results are shown in the following 
Tables III, IV, V, VI, VII and VIII. 


Table No. III .—Analyses of Samples A (see Map plate 27), Deep 
Pit , Serampore Colliery , Giridih. 


— 

Boot 

Coal, 

4 feet. 

Top 

Middle 

Coal, 

4 feet. 

Middle 

Coal, 

9 feet. 

Lower 

Middle 

Coal, 

4 feet. 

hi 

Fixed carbon 



# 

01-06 

68-83 

01-61 

55-48 

44-66 

Volatile matter 

. 

. 

. 

24-40 

25-10 

24-40 

23-78 

15-56 

Moisture 

. 

. 


1-40 

1-50 

1 20 

1-60 

180 

Sulphur 

. 

• 

■ 

0-40 

0-89 

0 89 

0-84 

0-89 

Ash 

. • 

. 

. 

12-74 

14-68 

1240 

18-80 

37-60 


Detail* of a*k impurities given a* percentage* in the coal. 


Silica. 



9-019 

9-689 

6-572 

10-906 

.. 

Alumina .... 



2-567 

8-528 

8*744 

5-720 

.. 

Ferric oxide . 



0-895 

0-616 

1-240 

0-128 


Manganese oxide 



0 182 

0185 

0-185 

0-198 

.. 

Lime. 



0-255 

0-188 

0-198 

0-206 

.. 

Magnesia .... 



0 108 

0-132 

0-098 

0-165 

.. 

Sulphur trioxide 



0-018 

0-028 

0-019 

0-088 

•• 

Phosphorus pentoxide 



0-112 

0-179 

0-270 

0-114 

0-127 

Alkalies .... 



0-187 

0-187 

0 121 

0-225 


Phosphorus in coal 

• 

• 

0-049 

0078 

0119 

0-048 

0-056 


N.B ,—The sulphur trloxlda in the Mb re-calculated to the coal is misleading. 


AU the above ootl is coking coal. 

Per cent. 

Average of the foil thickness of the seam, 24 feet (24 samples) 

Ash ..17-05 

Phosphors* in coal . < i i • * i O-OpS? 
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Table No. IV.— Analyses of Samples B ( see Map plate 27), North 
Central No. 2 Pit , Serampore Colliery, Oiridih. 



Upper 

Goal 

Upper Middie Coal 

Middle Coal. 

Lower 

Floor 

Ooal, 

8 feet. 


Hoof 

Ooal, 

4 feet. 

1 foot. 

2 feet. 

1 foot. 

l foot. 

1 foot. 

1 foot. 

Middle 

Coal, 

5 feet. 

Fixed carbon . 

57-81 

68-48 

58-93 

54-75 

63-43 

57-17 

61*87 

63-85 

48*86 

Volatile matter 

200 

23-8 

25-10 

20-80 

26-00 

23 20 

28 10 

24-50 

17*5 

Moisture 

1-40 

1-40 

1-46 

1 60 

1-40 

1-40 

180 

1-40 

120 

Sulphur . 

089 

087 

0 87 

085 

0 87 

0 83 

083 

035 

085 

Ash 

14*90 

21 00 

14-15 1 

28*00 

8-80 | 

17*90 

13*40 

20*40 

87*80 


Detail$ 

oj msh impurities given as percentages 

in the coal. 



Silica 

10281 

•• 

9*706 

•• 

5-088 

12-58 | 

7*896 

•• 

•• 

Alumina . 

2*448 

•• 

2*945 

•• 

2-418 

8*615 

4-054 

•• 

•• 

Ferric oxide 

1*870 

•• 

0-727 

•• 

0-754 

0-828 

0-956 

•• 

•• 

Manganese oxide 

0-147 


0*128 


0 092 

0-194 

0*132 

- 

•• 

Lime 

0288 


0 240 


0 202 

0 822 

0*821 

•• 

•• 

Magnesia 

0-156 


0-152 


0-104 

0-182 

0-168 

•• 

•• 

Phosphoric add 

0*084 

0-037 

0-088 

0 033 

0-013 

0-071 

0*175 

0*208 

0*085 

Sulphur trioxide 

0-026 


0-017 


0-011 

0*025 

0-020 

•• 

•• 

Alkalies, etc. . 

0-156 


0*179 


0-088 

0*0184 

0*178 

•• 

•• 

Phosphorus in 
ooal. 

0*015 

0*017 

0-014 

0*015 

0-045 

0*082 

0*076 

0 089 

0*08 


N.B .—The sulphur tri oxide in the ub re-calculated to the ooal is misleading. 

All this ooal is ooking ooaL Porooufc. 

Average of the full thiokneea of the seam, 19 feet, (19 samples) *— 


Phosphorus in ooal 


19*01 

0*040 
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Table No. V .—Analyses of Samples C (see Map plate 27), Jubilee 
Pit, Karharbari Colliery, Giridih. 


Top of a earn. Middle of ® ottom of 

r MULm . 



Fixed carbon 
Volatile matter 
Moisture 
Sulphur 
Ash , 


Details of impur 


ash as percentages tn the coal. 


Silica «... 



5-032 

3-92 

2-94 

Alumina 



1-740 

1-84 

1-26 

Ferrio oxide . 



0-232 

084 

0-520 

Manganese oxide . 



0-068 

0-071 

0-051 

Lime t 



0-133 

0 084 

0-060 

Magnesia 



0-077 

0110 

0082 

Phosphorus pentoxide 



0-013 

0 015 

0-0055 

Sulphur trioxide 



0 013 

0-011 

0 009 

Alkalies . • 



0-078 

0-099 

0-072 

Phosphorus in coal 


. 

0-0050 I 

0-007 

0 0025 


N.B .—The Bulphur trioxide of ash shown as percentage* of coal is misleading. 
All coking coals. 

Average of samples for a thiokn— of 14 feet 6 inches of the seam. 


Ash 

PhKpfcjru* 


Per cent. 
047 
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Table No. VI.— Analyses of Samples D (see Map plate 27 ), Bitagarho 
Pit , Karharbari Colliery, Giridih. 


— 

Top of seam. 

Middle of 
seam. 

Bottom of 
seam. 

Fixed oarbon 



6310 

65 15 

50*95 

Volatile matter 



2300 

2810 

19 80 

Moisture 



140 

1-50 

140 

Sulphur 



044 

0-45 

045 

Ash ... 



12 00 

4-80 

27*80 


Details of impurities in ash as percentages in the coal . 


Silica .... 



7488 

2-784 

14 905 

Alumina 



3 432 

1*331 

S-403 

Ferric oxide . 



0480 

0 475 

2*650 

Manganese oxide 



0*111 

0 044 

0 202 

Lime .... 



0*072 

0*067 

0*328 

Magnesia 



0*129 

0*037 

0*353 

Phosphorus pentoxide 



0*013 

0*015 

0*013 

Sulphur trioxide 



0*019 j 

0*008 

0*049 

Alkalies, etc. . 



0-254 

0075 

0-421 

Phosphorus in coal 

• 

• 

0*0057 

0*007 

0*0063 


N,B.^-The sulphur trioxide of ash re calculated to the coal is misleading. 


Per oent. 

Average samples for the full thitfhn o ss of the seam. 18 feet 

Ash . ....... U-7S 

Phosphorus. <H)Mt 
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Table No. VII. —Analyses of Samples E, Ramnadih Pit, Karhar- 

bari Colliery, Qiridih. 


— 

Top of seam. 

Middle of 
seam. 

Bottom of 
seam. 

Fixed oarbon 



60-61 

60-72 

64-19 

Volatile matter 


. 

2110 

24-80 

26-20 

Moisture 


- 

1-80 

1-40 

1-40 

Sulphur 


• 

0-49 

0-48 

0 41 

Ash .... 


• 

10-00 

12-60 

8-80 


Details of impurities in 

ash as percentages in the coal 


Silica . 



7-08 

8-290 

4-963 

Alumina . 



1*840 

3 094 

2-644 

Ferric oxide . 



0-60 

0-647 

0-728 

Manganese oxide . 



0-093 

0-117 

0-130 

lame 



0-140 

0*126 

0*140 

Magnesia 



0-108 

0-181 

0-139 

Phosphorus pentoxide 



0022 

0*027 

0*019 

Sulphur trioxide 



0-008 

0-020 

0-012 

Alkalies, eta . 



0*109 

0-094 

0-121 

Phosphorus in ooal 

• 

• 

0-01 

0-012 

0-009 


N,B .—The sulphur trioxide of ash recalculated for the coal is misleading. 


Per cent. 


Average of samples for the full thickness of the 


10 feet 


10*47 

0*0109 
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Table VIII .—Averages of Samples. 


Samples. 

Ash. 

Phos¬ 
phorus 
in Ash. 

Phos¬ 
phorus 
in Coal. 

Depth to 
top of 
seam. 

Thick¬ 
ness of 
seam. 

Beep Pit . 

1705 

0-579 

0-0987 

840 ft. (!) 

24 ft. 

North Central No. 2 . 

1901 

0-238 

0*045 

340 ft. (?) 

19 ft 

Jubilee «... 

6-47 

0-077 

0-0052 

772 ft. 

14 ft. 6 in.* 

Bitagarha 

14-73 

0042 

0-0003 

222 ft. 

18 ft. 

Ramanadih 

10-47 

0-100 

0-0103 

150 ft. 

10 ft. 


* In the Jubilee Pit there is a band of stone situated as follows :— 


5'CoaL 
3' Stone. 
9' 0" Coal. 


I have re-calculated the ash components in terms of their per¬ 
centages in the coal These analyses clearly show the marked 
variations in the phosphorus percentage not only in the coal at 
the five places sampled, but in the vertical section of the coal 
at each place. It is most interesting to discover that the phosphorus 
percentage is highest in the middle part of the seam, which, con¬ 
sisting of a larger proportion of bright coal laminae than either 
the top or bottom of the seam, is also generally lower in its ash content. 
This is very marked in the case of the sample (C) from the Jubilee 
Pit (Table V) where the middle coal underlies a 3-foot band of 
stone. In this case the floor coal appears to be absent or to have 
been missed. 

In reply to an enquiry as regards the entry of percolating water 
from the coal into the workings Mr, Fullwood, the Officiating 
Superintendent, states that in the case of the Karharbari Colliery 
“ what does come through is from the middle to the bottom of 
the lower section of the seam.” With regard to the Serampore Colliery 
he states:—“In other places where galleries are being driven to 
develop new areas I find that water only percolates through the 
sections where the coal is bright and soft and not through the dull 
and hard sections, as the latter are more compact and consequently 
impervious.” The importance of Mr. Fullwood’s communication 
will be shown in the next section of this paper. 
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Details of the samples taken from the Deep Fit, Table III, 
and North Central Pit No. 2, Table IV, are as follows:— 


Section of Coal at A, Deep Pit. 


Roof. 


1 


2 


Laminated, hard, brightish-dull coal (durain with some lamin© of clarain); 
a little pyrite visible in cleavage planes. 

Similar to the 1st foot but with a granular texture. 


3 


Similar to 1st and 2nd; pyrite not evident; fusain well Been in partings. 


4 


Laminated dull and brightish coal; pyrite visible; specimen like top 
3 feet. 



5 

*3 

6 

32 

* 

7 

Ou 



8 



9 


10 


11 

"3 

o 

O 

12 

1 


S 

13 

J 

14 


15 


16 

,1. 

17 


Laminated dull and bright coal; sample fragments smaller in sizes but 
the material brighter and better than the roof coaL 

Brightish, dull, laminated coal, very like the top 4 feet; sample drier 
than that of the coal above it. 

Very like the 5th foot; dull and bright lamin© well pronounced; rather 
friable. 

Largely of dull, hard coal, not unlike the roof coal; sample in small frag¬ 
ments due to the hardness of the coal; laminated structure clearly Been, 

Laminated, dull and bright coal, with pronounced banding; pyrite 
evident in cleavage planes; sample rather damp; development of 
white coating in cracks. 

Laminated dull and bright coal, its general look brightish; fragments 
hard but the sample not as damp as the 9th foot; no pyrite or white 
matter evident. 

Pronounced banding of dull and bright lamin©; general appearance 
dull; material fairly hard. 

Brightish, dull laminated coal; very like roof coal; sample fairly dry; 
material moderately hard and metallic looking. 

Very like roof coal; fine granular rather than laminated structure ; 
evidenoe of iron stains on cleat surfaces; sample dry. 

Almost identical with the 13th foot. 

Laminated, dull to bright (metallic) coal, with granular texture evident; 
cleat rhombohedral; material clean, dry and hard. 

Like the 15th foot but with more clarain; material consequently more 
friable; fairly dry; white powdery material in joints; cleat faces 
slightly stained. 

S imilar to the 16th foot; cleat vertical; general appearanoe doll metal¬ 
lic ; somewhat friable but fairly dry. 


P.T.O. 
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Section of coal at A , Deep Pit —contd. 


Feet. 

18 


6 

Q 

2 

& 


19 

20 


Doll to bright, fairly hard, dry coal ; structure laminated to granular ; 
alight development of white powder in cleat; flakes of usairt evident 
on lamination planes. 

Similar to the 18th foot, bright lamin© better seen ; coal slightly stained 
on cleat surfaces ; fairly hard and dry. 

Dull, metallic, laminated coal ; some portions like shale ; hard, fairly 
dry, but the clarain lamin© very thin. 


21 


Similar to the 20th foot but more uniformly dull, metallic ; brittle and 
moist. 


22 



E 24 


Dull, ahale-like coal ; hard and dry. 

Dull, shale-like coal with some thin lamin® of clarain ; dry to somewhat 
moist. 

Dull, shale-like coal, better than the 22nd foot but worse than the 23rd , 
hard and dry to moist. 


Floor. 


Section of coal at B , North Central No. 2 Pit. 


Roof. 


Feet. 

1 


Dull, tinely laminated, metallic-looking coal; hard, somewhat brittle and 
damp. 


2 


3 


4 


Similar to the top ; perhaps a little lees dull in appearance ; lees brit+le 
and slightly damper. 

Similar to the 1st and 2nd feet but brighter ; brittle, dry and hard. 
Finely laminated, dull to bright coal ; fairly hard and dry. 


t 

| 

p 


5 

6 

7 


Laminated dull to bright coal; rather metallic-looking; fairly dry to 
damp. 

WeM defined lamin® of bright and dull bands in the ooal; material friable, 
hard, and moderately dry. 

Bright to dull ooal; rather metallio looking ; streaks of fusiiu between 
pronounced lamin® of dull and bright ooal; bright ooal decidedly 
triable. 


P.T.O. 
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Section of coal at B, North Central No. 2 Pit —oontd. 


Feet. 

8 


i 

A 

0 

% 

9 

10 


11 


12 

* 

13 

a 

14 

i 

15 


16 

| 


s 


E 


Floor. 


Doll* laminated, aha] e-like ooal; resembles floor oool and mast be olearlj 
defined in the mine; probably corresponds with stone band of Jubilee 
Pit. 

Bright to dtdl ooal; dry but friable, due to darain lamina. 

Pronounced lamination—dull and bright lamina; clarain well seen. 

Laminated dull to bright ooal—dull bands 4 inch deep ; moist; material 
fairly hard. 

General appearance bright to dull, metallic-looking coal; hard, brittle 
and fairly dry. 

Laminated, bright to dull coal; hard and fainy dry. 

Hard, fairly dry, dull to brightish (metallic) ooal. 

L a min ated, dull, metallic ooal; hard, fairly dry, with granular texture 
seen. 

Laminated, bright and dull cool; granular texture evident; fairly hold 
and dry. 

Dull-metallic ooal—practically oarbonaceous shale ; dry to moist; hard. 

Finely laminated shaly coal; hard and dry. 

Finely laminated, dull metallic (shaly) ooal ; dry and hard. 


The coal from the Lower Karharbari seam cannot by any manner 
of means be described as bright in any section, and the details 
given above also apply generally to the sections from which samples 
C, D, and £ were collected. It may be said in summary that the 
coal of this seam throughout the limits of Setampore and Karhar¬ 
bari collieries is usually dull coloured and tolerabl/ homogeneous 
in structure, the layers of very bright jetty coal being few and ill 
marked. These clarain laminse are more frequent in the middle 
sections of the seam as a rule. As seen from the sections the thick¬ 
ness of the seam varies, but there is a general good quality in its 
composition# 

The analyses shown above bring out many points of consider¬ 
able interest, the most attractive, from an economic point of view 
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being the low phosphorus content of the seam in the workiigs of the 
Karharbari colliery. It is evident, from the three positions sampled, 
that an excellent fuel is available in this area. If further tests 
prove that this low phosphorous percentage of the coal is uniform 
throughout the western side of the East Indian Railway’s property 
at Giridih, as appears to be the case, then the reserves of low phos¬ 
phorus coal in this area are of some value. These reserves have 
been estimated in the next section. 


4.— Reserves of High-grade Coking Coal in India. 

According to W. Carrick Anderson (“ Chemistry of Coke,” 1904. 
pp. 157—158): “ The following may be regarded as the conditions 

that ought to be fulfilled by a coke which is to be employed in the 
smelting of iron, and which may be said to hold for Westphalia, 
Belgium, France and England :— 

(1) 1 per cent, sulphur, ^ 

(2) *018 per cent, phosphorus, 

(3) 4 per cent, water, ^As mamma. 

(4) 9 per cent, ash, i 

(6) 6 per oent. dust on delivery, J 

(6) 40—50 per cent, pore Bpace (in foundry coke 25—40 per cent.). 

(7) The coke must possess a hardness of 80 kilos, per sq. cm. 

(8) The weight of 1 oc. of the coke (dried at 100° C.) should be 800 to 900 mgrms.*’ 


On a basis such as the above the only Indian coking coal of this 
grade occurs in the Karharbari lower seam (and there only in 
strictly localized areas and sections of the seam) of the State-owned 
collieries at Giridih. However, in view of the actual utilization 
of the coke at present being made from coal in other parts of the 
Giridih field, and from various seams in the Jharia and Ranig&nj 
coal-fields, and the certainty that similar coke can be made by mixing 
the above coals with coal from the Bokaro and Karanpura fields, it 
is evident that the European standard quoted above is not strictly 
applicable, except for very special purposes, for metallurgical coke 
in India. The allowance for ash in Indian cpke is often ov*r 20 per 
pert. 
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The subject of reserves of coking coal, as available in India, has, 
30 far as accessible data go, been fully discussed recently (Trans., 
Min. Geol. Inst. India , Vol. XX, Pts. 2 and 4, 1926). In these 
discussions no specification of a metallurgical coke was brought 
forward, except perhaps the opinion of one member stipulating 
that the ash should not exceed 20 per cent. ; this amount was 
shown to be less than that in the coke actually employed at 
Jamshedpur. It seems unnecessary that any standard should be 
adopted; this is a matter for the ironmasters to fix or disclose 
from their experience when buying coking coal or coke. 

There is one constituent, phosphorus, the presence of which, 
above a certain small percentage, renders the coke unfit for use 
in the preparation of pig iron of Bessemer quality or for the pre¬ 
paration of high-grade manganese alloys. The limit adopted as 
the phosphorus-content of coke for these purposes appears to 
average about 0*02 per cent, and this amount has evidently been 
accepted by Indian smelters, and is recognised in this paper. Cons- 
quently, from the analyses of coals shown in Tables I to VIII there 
is no low-phosphorus coking coal in India other than that now 
shown to occur in the Giridih coalfields. It is quite likely that a 
similar method of research [i.e. (a) the careful taking of samples, 
foot by foot, from several places in the same seam worked by a 
single colliery ; (6) the positions from which samples are taken to be 
recorded on a map specially kept for this purpose ; and (c) detailed 
analyses of the coal and ash of these samples carefully made] may 
also lead to the discovery of other areas in other fields containing 
low-phosphorus coking coal. These investigations must be left to 
the enterprise of the companies either engaged in working tjie coal 
or in co-operation with the consumers of the special low-phosphorus 
coke. 


Reserves of Low-Phosphorus (0'02 per cent . phosphorus) Coking Coal in 

Karharhari Colliery. 

My examination of the Giridih field, restricted to the collieries 
worked by Government, lead me to make the following tentative 
estimate of the total available reserves of low-phosphorus coking 
coal cl the quality (0*02 per cent. P) stipulated by ironmasters 
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for employment in the production of Bessemer pig and ferro* 
manganese. 

The ooal-bearing aiea in Karharbari colliery is roughly 1,200 acres. 

With 140 tons per inch per tore, and an average thickness of 15 
feet, the total tonnage will be 30,240,000 tons. 

Assuming 1/3 has already been worked the remainder is 20,160,000 
tons. 

Allowing 1/3 of this to be lost in working, the available coal in the 
colliery is 13,440,000 tons. 

Assuming that about 1/3 of this is unsuitable by being too high in 
its phosphorus content, the reserves are 8,960,000 f tons. 

With a daily output of 1,200 tons or an annual production of 
448,000 tons the supplies should last 20 years. 

From these calculations, which are probably open to slight 
modification, both as regards the extent of the unworked coal 
and the average thickness of the seam, it is clear that these reserves 
of low-phosphorus coking coal are small and that this fuel should 
be recognised as a valuable State asset. Continued use of this coal 
for locomotive and foundry purposes would seem, in a technical 
sense, to be a squandering of a mineral asset for a purpose other 
than that for which this class of coal is alone suitable. It is not 
to be forgotten that mineral assets of this nature when once 
worked are in a sense lost, and such reserves are irreplaceable. 

The high thermal value of the Giridih fuel is fully knovn. The 
whole of the lump coal produced is sent away for use as steam 
coal on the State Railways. All the slack or small coal is con¬ 
verted into coke, chiefly for foundry purposes. Very little, if any, 
of the local fuel is used at Giridih for steam-raising (power) purposes. 
It has been found more economical to fetch slack coal from Bokaio 
for the colliery consumption at Giridih. These domestic economies 
show how valuable the coal from the Lower Karharbari seam is. 
The analyses given in this paper indicate that part^ of this seam 
are, from a metallurgical point of view, yet more valuable than 
was previously thought. To bring out this point a httle more 
clearly the following data have been added for those conversan f 
with the technical considerations prevailing in the iron and steel 
industry of India. 

f It may be mentioned that 100 tons of coal produce quite 75 tons of Oiridih coke 
so that the rfceervas of low-phosphorus metallurgical coke will be roughly 6,730,009 
fooi. 
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(a) Estimated Production of Bessemer-quality Pig Iron . 

By Bessemer pig is meant a cast iron with less than 006 per 
cent, of phosphorus and having a composition similar to A (see below) 
as against B which is a highly phosphoric pig iron. 


— 

A. 

B. 

a 

D. 

Graphite 





Per cent. 
2*60 

Per cent. 
2-08 

Per cent. 
3*13 

Per oeni. 

Combined carbon 


• 


1*20 

• • 

0*23 


Silicon 

• 


. 


1*78 

0*11 

2*25 

2-60 and over. 

Sulphur 

e 


• 


002 

0*04 

0-022 

0025 

Phosphorus 

* 


• 


004 

3*29 

1*20 

0-35 to 0-40 

Manganese . 

• 


• 


013 

3*84 

1*40 

1-25 to 1-50 


C. Grades 1, 2 and 3, pig iron made by the Bengal Iron Co., at Kulti. 

D. Grade 1, pig iron made by the Tata Iron and Steel Co., at Jamshedpur. 


Assuming that one ton of coke smelts tons of ore and requires 
I ton of limestone to produce 1 ton of pig iron, it is evident that 
the 8,960,000 tons of coal, which give 6,720,000 tons of coke, are 
capable of smelting 10,080,000 tons of ore and yielding 6,720,000 
tons of iron. 

An annual production of pig iron corresponding to the annual 
output of coal, as previously estimated, would be 336,000 tons. 
This output could be maintained for 20 years if all the coal of low 
phosphorus content in Karharbari Colliery were used for the pro¬ 
duction of pig iron of Bessemer quality. 


(6) The Manufacture of Ferro-manganese. 

The European standard of quality for the ferro-alloy, averaging 
78 to 80 per cent, of manganese, stipulates that it should contain 
0 # 3 or less than 0 # 3 per cent, phosphorus to be of the highest grade. 

In the manufacture of this high-grade ferro-manganese 3 tons 
of coke normally smelt 2 tons of ore, with a lirpestone apd 
yield \ ton of J8-80 ferro-manganeser 
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This means that the 8,960,000 tons of Karharbari coal (6,720,000 
tons of coke) will be capable of smelting 4,480,000 tons of good 
quality manganese ore and yielding 2,240,000 tons of ferro-man- 
ganese. 

If all the Karharbari low-phosphorus coke, produced from the 
annual output of coal as previously estimated, is used in the manu¬ 
facture of ferro-manganese the annual production of this alloy 
will be 112,000 tons. This output can be maintained for 20 years. 


(c) Typical Indian Iron-ores. 


— 

1 

2 

3 

4 

6 

Metallic iron . 

. 

. 

69*78 

66*78 

64*00 

66*36 

69*21 

Phosphorus • 

• 

• 

0078 

0*044 

0*06 

0*068 

0*006 

Sulphur . 

• 

• 


•• 

0*002 

0*108 

0*012 

Silica, etc. 


• 

6-16 

1*49 

3*63 

1*44 

0*82 

Manganese 

• 

• 

061 

0*192 

0*04 

0*161 

, 


1. Ourumahisani ( Mayurbhanj). —Ore average of 5 years output (H. C. Jones, Sec. 
Qeol. Surv. Jnd ., LVTI, 192/5); sulphur not stated, probably 0*028 ? ; used by the 
Tata Iron and Steel Co., LcL 

2. Sulaipat (or Obampad) (Mayurbhanj).— Average ore shipped in 1923 (op. eiU* 
p. 146); sulphur not stated ; used by the Tata Iron and Steel Co., Ld. 

3. Pansira Bum (Singhbhum).—Ore average analysis (op, ciL, p. 134): SiO, 2*10, 
CaO 0*16, Al.O, 1*2/5, MgO 0*18, MnO 0 06 per cent. ; used by the Bengal Iron Co., Ld. 
and also by the Indian Iron and Steel Co., Ld. 

4. Rajhara (Drug ).—Average of 64 samples (op. ciU, p. 164); 2} million tons reported 
below Bessemer limit of phosphorus. 

5. Lohara (Chanda). —Pipalgaon is reported to be better ; 100 million tons estimated 
at Lohara; some of the Lohara ore is reported to have been employed by the Tata Iron 
and Steel Co., Ld., for the production of pig iron of Bessemer quality. 


N.B .—Jamda (Barabil area, Keonjhar); iron ore, with 66 Fe and P 0*06 to 0*026, 
is supplied to the Shell Factory at Ishapur under guarantee that the phosphorus will not 
exoeeaO*06 per oent; over 10 million tons of this Quality are said to have been located 
^ the of Barabil, 
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The following are typical foreign iron ores used for smelting: 


Iron. 

Phos¬ 

phorus. 

Sulphur. 

Country. 

61*17 

0-004 

Nil. 

English. Best Cumberland haematite. 

38*2 

0-31 

0-12 

English, Dry Northampton carbonate ore. 

47*06 

0-019 

0-04 

Spanish. Best Rubio (Bilbao). 

54-65 


0-04 

Spanish. Calcined Bilbao spathic ore. 

68-70 


0-05 

South Australian. Iron Knob haematite used by 
Broken Hill Proprietary Co. at Waratah, New¬ 
castle, N. S. W. 

58*54 

0-016 

Trace 

Nova Scotia haematite from the Beaton deposits. 

to 

to 

to 

68-20 


1-27 


58-83 


0-069 

IT. S. A., Mesabi hydrated haematite. 

58-60 


0-012 

U. S, A„ Marquette, Swanzy ore. 

52-23 

0-074 

0-012 

U. 8. A., Menominee. 

52-0 

0-012 

0-03 

Algeria, Affalou, Department of Constantine. 


(d) Indian Limestone used as Flux. 


— 

1 

2 

3 

4 

Calcium oarbonate 

91-80 

95-80 

53-57 

94-5 to 96-8. 

Magnesium oarbonate . 

1-70 

J -26 

43-77 


Phosphorus * 

? 

% 

T 

traces. 

Sulphur ..... 

T 

r 

r 


Silica ..... 

5-15 

2-70 

2 to 3f 

2 to 2-5. 

Alumina ..... 

0-52 

1 f 

0-70 

: 

"I 



V 0-80< 


>3 to 1-2.** 

Ferric oxide .... 

0-32 

J A 

1-00 

J 

Ferrous oxide .... 

0-25 


.. 


Moisture or H,0 

0-10 

• - 

•• 



* Phosphorus content from Gangpur material roughly 0*015. Amounts in other 
eases unknown. 


1. Sutna limestone as used previously by the Bengal Iron Co., Ld., at Kulti. (J. 
Coggin Brown ; The Mining Magazine , June, 1921). 

2. Bisra limestone from Paraghat and Baraduar, used by the Bengal Iron Co., Ld., 
Kulti. (H. C. Jones; Rec . Geol. Surv. Ind ., LVIJ, 1925, p. 133). 

3. Gangpur dolomite used by Tata and Sons Ltd., at Jamshedpur. (J. Coggin 
Brown ; op. cU.\ 

4. Kandara, Chanda. Details not known. (C. S, Fox ; op. cit.). 
f Insoluble (silica) residue, 
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(e) Analyses of Manganese ore as received at Middlesborough (1897 — 
1906). (See Mem. Geol. Surv. IndXXXVII , ft. S, 1909 , 
p. 517 , etc.). 


Mn. 

Fe. 

P. 

Moisture. 

From. 

5049 

6*26 

0*120 

0*72 

India. 

45*28 

0*76 

0*147 

8*07 

Russia, Caucasus. 

44*6 

3*35 

0*046 

il-35 

Brazil. 

47*51 

041 

0*015 

1*01 

Chili. 


The following were buyers’ stipulations 1 about the years 1907 
to 1909 as regards manganese ore from India : 


Mn. 

Fe. 

P. 

Moisture. 

From. 

62 to 84 

4 to 6 

0*07 to 0*08 

6 to 7 

Nagpur, Balaghat, Bhandara, Central 
Provinces Prospecting Syndicate. 

51 to 52 

0 to 7 

0*09 to 0*11 

7 to 8 

1st grade, Nagpur, Bhandara, Central 
India Manganese Co. 

46 to 48 

6 to 8 

0*03 to 0*17 

9 to 11 

2nd grade, Nagpur, Bhandara, Central 
India Manganese Co. 

50 to 52 

5 to 6 

0*11 to Q*14 

0 to 8 

Nagpur, Indian Manganese Co. 

44 to 46 

13 to 10 

0*05 to 0 06 

2 to 6 

Sandur, Jambon et Oie. 


Fluxes in Iron Smelting. 

The impurities in the ore and the ash in the fuel are, in blast 
furnaces, usually removed in the form of a fusible slag. This slag 
no mally has the composition of a mono-silicate—2A1 2 0 3 . SSi0 2 -f- 
2MO. Si0 2 , where MO represents lime (CaO) and magnesia (MgO). 

1 Loc . cif., p. 514. Manganese ores, evidently in limited quantities, have been found 
in India with less than 0*1 per cent, of phosphorus but no guarantee is now (1926) 
apparently -given that snch ores will be supplied with less than 0*12 per cent, of phos, 
pnorui. 
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It is conceivable that the constituents in the ash and the gangue 
of the ore may be just correct to produce a monosilicate slag ; if 
not a flux must be added. This is done according to calculations 
based on the following proportions for mono-silicates :— 


(a) 2 Al f O $ requires 3 SO, 


or 204 
or 1 „ 

or 1*13 „ 

( 6 ) 2 0*0 

or 112 „ 

or 1 » 
orl-86 „ 

(c) 2 MgO 
or 80 „ 
or 1 „ 

orl-33 „ 


180 
» 0*882 „ 

•» 1 •> 

99 i ao t 

99 80 99 

,,0*535 „ 

99 1 >» 

„ 1 Sio, 

if 80 ,, 

0-75 „ 

n 1 »» 


N.B .—For seequisilfcatee multiply the figure for StO t by 1*5, for bisilicatee by 2. 


To take the case of a typical iron ore—Pansira Burn—which 
contains :— 

Fe 64 per oent SiO, 2-1 per oent, Al a O t 1*25 per cent., CaO 0*15 per 
cent, and MgO 0*18 per oent. 

and (A) a typical coke (Bararee, ash 15 per cent.) which has as impuri¬ 
ties :— 


Fe t O t 0*719 per oent, SiO, 6*255 per cent, Al,O t 5*013 per cent., OaO 1*089 
per oent and MgO 0*473 per oent 

or another (B) (Ramnagar, ash 18 per cent.) which has as impuri¬ 
ties :— 


Fe t O f 2*057 per cent, 8iO f 9*684 per cent, Al t O t 4*620 per oent, CaO 0*594 
per oent, and MgO 0*252 per oent 

(The percentage of phosphorus in both these cokes is about the tame roughly—0*12 per 

cent). 

or (C) Giridih coke (Jubilee Pit, Karharbari colliery, ash 6 per 
cent.):— 

F*dO t 0*666 per oent, 8K) a 4*88 per oent, AI.O, 2*01 per cent., CaO 0*112 per 
oent, MgO 0*097 per cent, P in coke 0*0065 per oent 
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(A) Now making a fair guess that with any of the above cokes the 
proportion of fuel is 21 parts to every 32 of ore, then using Bararee 
coke the impurities in the charge will be :— 



In tiie ore. 

In Bararee ooke. 

Total. 

so. 

. *672 

1*313 

1*985 

41,0, 

. *400 

1*053 

1*453 

CaO . 

. *048 

0*218 

0*266 

MgO . 

. *058 

0*099 

0*157 

However, 1*453 parte of Al a O t 

require 1 -248 parts of SiO r 

0-266 

CaO 

„ 0-142 „ 

» 

and 0-167 

„ MgO 

„ 0-118 „ 

» 


i.6., the baaee present „ 1-508 parte of SiO r 


There remains an excess of 0*477 part of SiO a , which can be fluxed 
with 0*865 part of CaO, corresponding to 1*606 parts of CaOO t . So 
that for every 21 tons of coke and 32 tons of ore a little over 1*6 
tons of lime-stone will be necessary as flux. 

(B) If we use Ramnagar coke the impurities in the charge will 
be :— 




In the ore. 

In Ramnagar ooke. 

Total 

so, . 

, 

. 0*672 

2*033 

2-706 

41,0, 

. 

a 0*400 

0*970 

1*370 

CaO . 


a 0*048 

0*125 

0-173 

MgO . 

• 

a 0*058 

0*063 

0-111 


However 1*370 pari* of AljO, require M96 part* of 8iO r 
0*173 part of CaO require* 0*002 part of SiO r 
and 0*111 „ MgO 0*083 „ 

the base* preeenfc require 1*371 parte of SiO r 


There remains an excess of 1*334 parts of SiO a , which require 
about 2*492 parts of CaO or roughly 4*6*43 parts of CaC0 8 or 4*543 
tons of limestone as flux. 
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(C) With Giridih coke from Jubilee Pit, Karharbari Colliery, using 
ore to fuel in the same proportions of 32 to 21 the impurities in the 
charge will be :— 



In the ore. 

In Giridih coke. 

Total. 

SiO, . 

• 0-672 

1-024 

1-696 

A1,0, 

. 0-400 

0-422 

0-822 

CaO • • 

. 0-048 

0-023 

0-071 

MgO . 

. 0-058 

0-020 

0070 

However, 0-822 part of Ai t O t 

requires 0-805 part of SiO r 

0-071 

„ CaO 

0-036 „ 

H 

and 0-070 

» MgO 

0-052 „ 

»» 


t,e., the bases present require 0-893 „ SiO r 


There remains an excess of 0*803 part of Si0 2 ; this is satisfied 
with 1*494 parts of CaO, or 2*774 parts of CaC0 3 or 2 774 tons of 
limestone as flux. 


5.—Source of the Phosphorus. 

It was Sir Thomas Holland 1 who first drew public attention to the 
highly phosphoric nature of the mica-peridotites of Giridih. This 
remarkable characteristic was found to be generally true of the 
coal-fields of the Damuda valley. In the case of two Giridih speci¬ 
mens collected underground he found 5*234 per cent. P 2 0 6 (equivalent 
to 11*426 Ca 8 P g 0 8 ) in the one and a slightly smaller (10*66 per cent 
Ca 3 P 8 0 a ) in the other. He states in the first paper (p. 136) quoted 
above that “ The decomposition of large quantities vf this rock 
at the surface must contribute sensibly to the fertility of the neigh¬ 
bouring soil; but though the quantity of the lime phosphate would 
be considered large enough to warrant remark from the petrologist, 
it would not be sufficient to justify raising for economic purposes/’ 
Under the microscope the presence of the mineral apatite indicates 
that it is in this substance that the phosphorus is chiefly located. 

Quite recently the Agricultural Department of Bihar and Orissa 
have been conducting a soil survey of South Monghyr and Bast 
Gaya. They hare found a tract, from Nawada westward for 20 

1 lUc. OtoL 8wrv. Ind., XXVtL, pt. 4, 1894, p. 129 ; also XXVIII, pi 4,1891, pi 12U 
tad XXX.pt. 3,1897, p. 1U. 
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miles, in which the phosphoric content is appreciably higher than 
in the lands to the eastward. In the west, in rabi lands, there is 
0*094 per cent. P a 0 6 , of which only 0 017 per cent, is available, as 
against 0*031 per cent. PjOg of which only *0029 per cent, is available 
in similar soils of the eastern areas. They say “ This high phos¬ 
phoric tract is watered by the rivers Tilaiya and Dhanarji which 
have their sources in the district of Hazaribagh in the neighbourhood 
of mica-bearing pegmatite rocks such as not infrequently contain 
apatite. In the Gaya district the Tilaiya also receives the drainage 
from the tourmaliniferous mica rocks near Banskap and Singar 
which are known to contain triplite, a phosphate fluoride of iron 
and manganese. The products of disintegration of these rock 
phosphates have presumably increased the amount of the soil 
phosphates in this region.” 

This is an interesting aspect of the case as the rocks mentioned by 
the Agricultural Department are far older than the coal-bearing 
strata of Giridih, whereas the mica-peridotite dykes are much younger. 
It is conceivable that there are other rich phosphate-rocks, e.g. 9 the 
apatite-rock of Dhalbhum, which lay within the drainage area of 
the great basins or valleys in which the Damuda coal seams accumu¬ 
lated. Thus there is the possibility that the plants of that geological 
period were enriched with phosphorus from the soils of that land 
region. The question which we have to answer is—Has the phos¬ 
phorus in the coal entered as a constituent of the original plant 
material or is the phosphorus secondary, having been subsequently 
introduced by percolating waters ? 

According to M. Carnot (Compt . Rend. } Vol. 99, p. 154) spores 
and pollen-grains are the principal carriers of phosphorus contained* 
in the coal and consequently in the resulting coke. As regards 
the phosphorus in the plant material the following extracts 1 are of 
considerable interest—“ The cryptogams—that is to say, ferns, 
equisetums, and lycopods (lepidodendra and sigillaria) —along with 
some conifers (cordaites), constitute the bulk of the carboniferous 
flora, and these contain, as a group, a more or less considerable 
quantity of phosphorus. Carnot attempted to trace a connection 
between the quantity of phosphorus contained in coals and the nature 
of the plants of which they are composed. In the same deposit he 
could deteot no appreciable differences, but those coals which contained 


1 tChsmttEjr si Gsk%* WO* p. 117, W. Oairiek Andmm. 
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a large number of spores, such as cannel coal, were found to 
contain the largest quantities of phosphorus. The amounts varied 
from *00572 to *06275 part of phosphorus in 100, while 0*02 part 
might be regarded as the mean/ 9 

“At the Denain Iron Works.a comparison was made of 

various coals belonging to that locality with reference to the quantity 
of volatile constituents and of phosphorus they contained. Nothing 

definite, however wlas arrived at.Generally speaking, the 

quantity of phosphorus is/very variable.’* 

There can be little doubt that some of the phosphorus in the 
Damuda valley and Giridih coals must be primary, i.e., a constituent 
of the original plants. However, the following observations made 
by Dr. E. Spencer 1 are convincing in regard to the presence of secon¬ 
dary phosphorus in the coal seams of Jharia :— 

A. Analysis of iphorulites in ooal from the Nakari Nala, South Karanptira Coalfield. 

B. Analysis of nodule of spherulitio material from Loyabad colliery, Jharia ooalfield. 

A. B. 

. 0-22 0-69 

. 0-39 0*82 

. 6-82 2-86 

. 48-70 46-02 

. 0-05 0-06 

. 1-96 4-80 

. I-flO 1-80 

. 0-28 2-86 

. 32-92 31-60 

. 0-20 0-11 

. 6-31 6-36 

99-44 98-66 

Dr. Spencer, speaking of the Loyabad material says “ The 
dense interstitial coaly matter between the spherulites is broken 
up by numerous shrinkage cracks, which have developed subsequent¬ 
ly to the growth of the spherulites. These cracks have been filled 
in with calcium phosphate, which mineral also occurs in the cracks 
and cavities of the outer zones of the spherulites.” Speaking of 
analyses A and B he says of B “ Except for the secondary calcium 
phosphate present in this material, the composition compares closely 
with that of the Karanpura spherulitic rock.** 


SiO, 

ai.o, . 

Fe,0, • 

FeO • 

MnO . • 

0*0 
MgO 

PgOft 

OOg (calculated) 
Moktora 
Insoluble fin Mid 


1 bis paper “ On Some Qmmwwmm of Spberalttio Siderite and other Carbonates in 
ItaMafe” Q.J.0 .VoL Hill , 8H pt<Cl#*8> pp. S47-70C. 













401 


Paet 4] Pox: Low-Phosphorus Coking Coal , Oiridih. 


It U well known that apatite is partialy soluble in such waters 
as would percolate through coal seams. Sir Thomas Holland says 
(op. oil. p. 136):—“ It seems natural to expect that slow oxidation 
of the coal by oxygen dissolved in circulating underground waters 
would result in the production of carbonic acid and consequent 
formation of carbonates for decomposing silicates of iron, lime and 
magnesia.” 

If we can now show that the phosphorus content of mica-perido- 
tite in a coal seam high in phosphorus and at some depth from the 
surface is apparently less than another specimen also below ground 
but associated with the same coal seam which is here lower in phos¬ 
phorus, then the source of this element should be evident. Sir 
Thomas Holland s highly phoBphatic peridotite (5*234 per cent, of 
Pj 0 5 ) came from the shaft of the Jubilee Pit in Karharbari colliery, 
Oiridih. An analysis of the coal from this area has been given and 
shows a very low phosphorus content. 

Sir Thomas Holland did not include complete analyses of his 
specimens and, as I could not trace any such analyses in the Geologi¬ 
cal Survey Laboratory Book of that period, I presume the chemical 
investigations were made by Dr. P. Briihl. It is therefore fortunate 
that I procured from Dr. Briihl in 1912 the following analysis: 


Analysis of Mioa-Peridotite. Oiridih Coalfield. By Dr. P. Briihl, at 

Sibpur . 

Analysis on sample dried at 105°C.—H a O 2*60 per cent. Rock 
obviously deeply altered, although hand specimen fairly fresh 
looking. 


8L0, 

TIO. 

Al t O* 

Rb°- 

H|0 
o»o 

K t O 
Ha,0 

pA 

V,Oe 
Or,° a 
P 

Cl . 

00,. 

H,0 (above 105*) 


40*50 

4*30 

5*00 approx. 

7-00 „ 

6*30 

11*80 

9*00 

4*36 ; largely in hydro-biotite. 

3*18 

1*81, as apatite. 

•02 

•035 

•20 

•017 

3*70 ; partly in dolomite or calotte. 
2*70 


99*922 


E 
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In this analysis the P a 0 g percentage is less than 2 (0a a P t O 9 
equivalent about 3*6) but the rock, in the slides examined by me, is 
decidedly net fresh, nor is the exact source of the specimen known. 
To obtain more suitable information I had the following analyses 
made:— 


Analyses of Mica-peridotite Dykes. 



I 

P. C. R. 

II 

P. C. R. 

ni 

8. K. C. 

IV 

S.K. C. 

V 

P.O.R. 

ISO. 





44*26 

27*78 

44-21 

36*63 

21*81 

TiO. 

. 




6*73 

3-48 

2-24 

1*80 

3*98 

A1.0. 

. 




12-09 

7-33 

9-11 

14*08 

10*88 

ItiOi 





2*30 

4-70 

3*77 

6*63 

2*13 

FeO 





8-22 

6-82 

8-07 

6*26 

0*43 

MgO 

. 




9-60 

16-96 

7-84 

7-20 

8*79 

CaO 

, 




6-46 

10-02 

7*60 


8-61 

tu,o 





1-38 

0-76 

1-29 


1*41 

K.O 

, 




112 

3-77 

4*73 

SaBt ' 9 

363 

H,0 (moist.) 




6-00 

1-06 

3*01 

ifl 

0-13 

H,0 (comb.) 




0-89 

1-39 

0-38 

1-06 

0-29 

CO, 





nil 

11-91 

4-99 

6*14 

18*41 

P.O, 

• 




2-14 

4-38 

2*77 

4*13 

4*76 




Total 


100-08 

100-34 

100-01 

100*01 

100-06 

Bp. Gravity 

• 

• 


2-633 

3-01 

2-72 

2*60 

2-863 


P. 0 R.—Mr. P. C. Roy, Assist. Curator, Geological Survey of India. 

& K. C.—Dr. S. K. Chatterjee, Assist. Supdt. Geological Survey of India. 

L Greatly altered mica-peridotite from workings of Central Pit, Serampur Colliery. 
Giridih Coalfield, f 

IL Typical Mica-peridotite, Mugma area, Raniganj Coal-field. 

UL Mica-peridotite from Babira Colliery, near Kulti, Raniganj Coal-field. 

IV. Peridotite dyke with mica in Dishargazh seam, Dharma Nala, Raniganj Coal 
field* 

V Peculiar apple green peridotite dyke in 14 seam Bhalgora colliery, Jharia Coal-field. 

jV.jB.—A ll the analyses show traces to *17 per cent. (IV) MnO; BaO is also present 
when looked for; sulphur was noted (0*24 per cent) in I. In none of the samples could 
any peridote (olivine) or recognisable augite be detected in microscope sections. Bronze 
mica is present abundantly fix I, II ana m, less so in IV and almost absent in V. 
Apatite is common in all, but is most conspicuous in II, IV and especially V. Serpentine 
is seen in almost all the slides. Its occurrence appears to be intimately related to areas 
in which olivine has decomposed and also to patches in which caJbite (dolomite) is now 
present. Specimen I appears to have been severely leached of soluble constituents by 
percolating water. Specimen V ef fe rvesces with add. In my opinion the bronze mica is 
a paramorphic mineral of an original peridotite, whereas the dykes and sills as now found 
ate so altered that the term peridotite is mirieading. 
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The phosphorus content of the analysis of I, from North Central 
Pit, agrees very well with that by Dr. Brhhl and is lower than that 
from the Jubilee Pit. It has been shown that the phosphorus 
content of the coal seam in this neighbourhood is considerably 
higher than that of the same coal seam at the Jubilee Pit. We 
are presuming of course that the phosphorus content of the perido* 
tites is fairly constant. Nevertheless the peridotite from North 
Central,,Pit although collected 500 feet below ground is greatly 
altered and has obviously been subject to the leaching action of 
percolating waters. I would draw attention to the fact that the work¬ 
ings, particularly the eastern and south-eastern workings, of Serampur 
colliery (see Plate 27) are subject to the percolation of considerable 
quantities of water which finds its way along the seam from its outcrop 
and the faults to the east and north-east. 

It is not to be forgotten that the dolerite dykes may not be above 
suspicion in this connection, because it is quite certain that their 
physical effects in coking the coal are not the only effects they 
produce. In the vicinity of Rawanwara, Chhindwara District, 
Central Provinces, I found a deeply decomposed dolerite dyke in 
association with which in the adjoining shales there was a marked 
development of fluorspar. It appeared as though the fluorine had 
come from the igneous intrusion. Unfortunately I have not been 
able to complete an analysis of the olivine-dolerite dyke near the 
Deep Pit, Serampur colliery, Giridih, but the following analysis 
by H. S. Washington (Bull. Ceol. Soc. Atner ., Vol. 33, 1922, p. 774) 
of doleritic basalt “ I ” of about the same age from the Rajmahal 
Hills (Ramchanderpur) shows a higher phosphorus content than 
similar material “ II ” from the Central Provinces (Bhourameta 
Hill, Chhindwara). 

L XL 

. 53-46 49*98 

15-24 12*51 

1-26 J 2*83 

8*20 11*71 

5-83 ) 5*42 

9-32 10*00 

3-03 2-65 

. M2 0*30 

. 0-66 J*95 

. 0*47 0*24 

* 0*50 2*27 

0*78 0*37 

0*13 0*23 

• 99*89 99*55 


8iO g 

F®|0| 

FeO 

Mg° 

0*0 

Na,0 

K.O 

H.O+ 

H,0- 

TiO, 

P.O. 

HnO 


' Total 
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To appreciate to the full the exceptional character of the dolerite 
and mica-peridotite igneous rocks of Bengal and Bihar, as regards 
their phosphorus content, it may be stated that the mineral apatite, 
which is the chief phosphorus-carrying mineral of rocks, is most 
common in the gneisses and such like metamorphic rocks ; that it is 
more common in granites a lid acid igneous rocks than in basalts 
and dolerites; and that it is generally considered to be a relatively 
rare constituent in peridotites. In their paper “ The Composition 
of the Earth’s Crust ” 1 Drs. F. W. Clark and H. S. Washington 
calculate the phosphorus percentage (given as P a 0 8 ) in the average 
composition of igneous rocks as 0'14. From these data it would 
appear that the Coal-Measure strata of the Damuda valley and 
adjacent coalfields not only lie in a tract containing rocks rather 
higher in phosphorus than the normal, but are also intruded by dykes 
of igneous rock of exceptionally high phosphorus content. It is 
therefore not remarkable that the coal seams contain Bomewhat 
higher amounts of phosphorus than is considered normal elsewhere, 
and it must be assumed that to find coal with a low phosphorus 
content in the Damuda valley coal-fields will be quite exceptional. 
If this deduction is quite logical, as it appears to be, the arguments 
in favour of conserving the low phosphorus coal in Karharbari 
Colliery are unanswerable. 

I am very grateful to numerous friends for their kind assistance 
in constructing this paper. Mr. C. S. Whitworth has Supplied a 
number of valuable analyses; Dr. E. Spencer has also provided me 
with several analyses of coal and other data ; Mr. F. G. Percival 
has been generous enough to secure the analyses of the coal used at 
the Agricultural Implements Co.’s, works. The analyses of the Indian 
mica-peridotites were carried out in the Geological Survey Labora¬ 
tory by Dr. S. K. Chatterjee and Mr. P. C. Roy, to whom I am greatly 
obliged. It is, however, not too much to say that, without the 
detailed analyses made for me by Mr. A. Dawes Robinson and the 
very liberal help given by Mr. H. Lancaster, this paper could not have 
been prepared. 

1 Prof. Paper No. 127, 1924, Dept, of the Interior, U. S. Geol. Sorv. 
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The Distribution of the Gault in India. By G. de P. 
Cotter, BA, Sc.D., M.Inst.MM., NUnst.P.T., 
Superintendent, Geological Survey of India . 

T HE recent discovery by Major L. M. Davies of a Gault fauna 
in the Samana range in the tribal territory west of Kohat 
has led me to review our knowledge of the Gault in India. 1 

That a Gault fauna existed in the Samana range has long been 
suspected. In 189], during the Miranzai expedition under General 
Lockhart, a number of fossils believed to be of Cenomanian or 
Gault age were sent to the Geological Survey Office by Major Main- 
waring.* They are mentioned by Middlemiss in his memoir on Hazara, 
in which he expresses the opinion that the Samana fauna is of similar 
age to a fauna which he himself had collected from the Giumal 
Sandstone of Hazara, and he regarded both as of Cenomanian age. 
He notes however that Waagen and Wynne had favoured a Gault 
age for the fossiliferous beds of this horizon in Hazara. 8 C. L. 
Griesbach accompanied the Miranzai expedition for geological investi¬ 
gation. His notes on the range are, however, very fragmentary 4 
and little was added to our knowledge of the Cretaceous of that 
area. Subsequently Sir H. H. Hayden was deputed to accompany 
the Tirah Expeditionary Force in 1897, and collected brachiopoda 
and belemnites which were referred to the Cenomanian by Noetling. 6 

Up till 1917 the age of the Hazara and allied faunas was believed 
to be Cenomanian, in accordance, with the view of C. S. Middlemiss. 
But during the years 1915 to 1917, with the assistance of Mr. 
Bankim Behari Gupta, now Sub-Assistant, Geological Survey of India, 
I was engaged in overhauling the collections of Indian fossils in 
the fossil gallery of the Indian Museum. During the re-examina¬ 
tion of our collections, it became necessary to check the identifica¬ 
tion of many species, both in cases where the identification appear¬ 
ed incorrect or where the original generic or specific name had been 
changed. Several changes of a more important kind were made; 

1 Re c., CM. Surv . Ind. t LIX, p. 15. • 

• if am., CM. Surv. Ind. , XXVI, p. 38. 

• See Waagen and Wynne; Geology of Mt. Sirban ; Mem., Geol Surv. Ind. IX. 
p. 348. 

« Hie., CM. Surv . ini., XXV, p. 80. 

• Mem., CM. Surv. ind, XXVIII, p. 104, 
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thus the subdivisions and stages of the Gondwana system were 
revised; the marine Permian was exhibited separately from the 
Carboniferous. Amongst the changes introduced was the transfer 
from the Cenomanian to the Gault of C. S. MiddlemiBS , collections 
from the Giumal Sandstone of Hazara. An intensive study of the 
fauna by Mr. Gupta and myself showed that the fauna was most 
closely related to the lower Gault of Europe. Amongst the species 
provisionally identified and exhibited in the Museum show-case 
in 1917 were:— 

Douvilleiceras mammillatum (Schlotheim), Acanthoceras lyelli 
Leyn, Pholadomya genevensis Piet. & Roux, Terebratula obesa Sow., 
Turbo gresslyanus Piet. & Roux, and Solarium moniliferum Mich. 
All the above came from a single locality, the village of Jabrian on 
the Haro River (Survey sheet 43 ®; lat. 33° 47' ; long. 73° 14'). The 
section is described on page 200 of C. 8. Middlemiss’ memoir. 1 

In addition to these from Jabrian other specimens collected 
by Middlemiss were identified and exhibited as follows :— Mortoniceras 
injlatum Sow., Hamites attenuatus Sow., from a village named Wijjian 
(lat. 33° 47' ; long. 72° 49'), Mortoniceras inflatum Sow. from 
Dhantaur (lat. 34° 7' 30"; long. 73° 16',) Terebratula biplicata 
Brocchi, from Janomar Hill (lat. 33° 47'; long. 73° 0' 30"). 

When writing this paper, I again checked these identifications, 
and find it necessary to make some changes. I sub-join some notes 
on the fauna, with such revisions as I have adopted. 

Douvilleiceras mammillatum (Schl.):— 

There appears to be no doubt in regard to the identification of 
this species. The number of ribs on the last whorl of the Hazara 
specimens varies from 18 to 30. D’Orbigny (Palceontologie Fran - 
gaise) states that the number of ribs varies from 16 to 30. Pictet, 
in his description of the Swiss Albian fauna, 1 mentions that the 
ribs on his specimens vary from 16 to 25. Four out of six of our 
specimens have ribs of numbers between 26 and 30 on the last 
whorl, and therefore it is to be remarked that the variety with 
more numerous ribs appears to be more characteristic of the Jabrian 
locality. The fossils are caste, and the spines are not preserved. 

1 Mem., Oecl. 8urv. Ind ., XXVL 

1 F. J. Pictet and W. Roux : Description des MoHnsqnea fossiles dee grds verts des 
environs de Geneva : Mem. Soc. phys. et kiel % at. Gen., XI, p. 257; XII, p. 157 ; XIII, 
p. 380, 
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Aoanthoceras lyeUi Leym. :— 

There are seven well-preserved casts, all from Jabrian The 
fossils agree exactly with the type figures. 

Pholadomya genevensis Piet, and Roux:— 

The Indian species is apparently very closely related to Pictet 
and Roux’s type. I am not, however, certain whether it is to be 
regarded as identical, and consider it safer to describe it as P. sp., 
cf. genevensis. In P. genevensis the postero-dorsal profile is slightly 
convex ; in the Indian species it is flat or very slightly concave in 
this region. 

Terebralula obesa Sow.:— 

The species may be compared to Stoliczka’s figures in Plate 
V, figures 5a, 5fc, and 5c of his “ Cretaceous Fauna of Southern 
India ”, Vol. IV. I doubt, however, whether the species can be 
separated from T . biplicata , var. dutempleana D’Orb. The figures 1-9 
in Plate VI of Davidson’s “ British Fossil Brachiopoda ” appear 
to agree. I prefer to call the Indian 3pecies T. dutempleana D’Orb. 

Turbo gresslyanus Piet, and Roux :— 

The specimens are merely casts and cannot be identified with 
certainty. They may be described as T. sp. cf. gresslyanus . 

Solarium moniliferum Mich.:— 

Although the specimens are generally casts, traces of the orna¬ 
mentation are preserved. The identification appears correct. 

Mortoniceras inflaium Sow. :— 

Two specimens were referred to this species, one from Wijjian, 
and the other from Dhantaur. The specimen from Dhantaur is a large 
ammonite, 15 cms. in diameter. The identification appears correct, 
but the name Mortoniceras should now be changed to Infiaticeras. 1 
The specimen from Wijjian is an Infiaticeras , but I think it 
possible that it is a different species from Z. infiatum . Only a small 
portion of the outer whorl is preserved ; this shows irregularly 
bifurcating ribs without tubercles. The fragmentary condition 
renders precise identification impossible, but a .comparison may 
be made with Infiaticeras infiatum Sow. 

The Jabrian fauna with Douvilleiceras mammiUaium and Acan- 
thoceras lyctti must be regarded as lower Gault in age and appears 

*C. Stieler: Ueber »ogenannte Wortopiceratejiftrtaxi ip de* Ganjt: CtntraMaU 
/Or Min., (1980), p. 39?, 
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to be precisely the equivalent of Major Davies’ Samaria beds. The 
Wijjian ammonites are, however, more suggestive of the Vraconnian 
(upper Gault to basal Cenomanian). The same may be said of the 
Dhantaur ammonite. The single brachiopod from Janomar Bill 
does not help us to fix any precise age, but it agrees very well with 
the general age of the Hazara Cretaceous. 

North-west of Rawalpindi, Wynne obtained from the Giumal 
Sandstone two Trigonics, viz. T . ventricosa and T. costata. 1 T . 
ventricosa is a Neocomian form from the Umia beds of Kachh. As 
regards T. costata , this, I think, merely means that the Trigonia 
in question belongs to the section Costatce. If so, it does not give 
any precise definition of age. In Kachh the section Costates ranges 
from the Putchum to the Umia groups. 

In the Attock district, Mr. Lahiri found a Perisphinctes in the 
Giumal Sandstones, which, although not too well preserved, appears 
to be very close to, if not identical with, P. bleicheri de Loriol, 
a species from the Umia beds of Kachh, age basal Cretaceous.* 

The last occurrence coupled with the Trigonice noted above 
would seem to show that the Giumal Sandstone ranges down to the 
lower Cretaceous, while the ammonites of Hazara indicate that 
horizons as high as lower Cenomanian may be expected. 

Sir H. H, Hayden’s Cretaceous fossils from Tirah are rather too 
fragmentary for identification. Amongst them are specimens of 
a Rhynchonella very close to R. mutua Stol. and of Terebratula dutem - 
pleana from the Waran valley ; several belemnite fragments, a 
Terebratula , probably T. dutempleana y and some ammonite frag¬ 
ments from the road leading from the Arhanga Pass into Maid&n ; 
and several very poorly preserved fragments of a Perisphinctes - 
like ammonite from other localities. 

The Giumal Sandstone of the Himalaya has been studied by 
A. Spitz, whose paper in the Records of the Geological Survey of 
India 8 shows that the* fauna ranges from Neocomian to Cenomanian. 
One species— Parahoplites sp.—has its nearest relatives in the 
lower Gault and Aptian; another, Stoliczkaya dispar , indicates a 
Vraconnian horizon. 

In the peninsula of India, in the state of Gwalior, the Bagh 
beds contain a fauna which has been studied by E. Vredenburg 

1 See Hem., Otok Surv Ind n XL, p. 384 and references. 

* 8m Pal Jnd., Sec. IX. VoL I, p. 184, Plate LV, fig. 4 
a VoL XLIV, p. 187 st eaf. 
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and R. Fourteau. 1 From the researches of the latter it appears that 
the Bagh Bed fauna is to be regarded as upper Gault or Yraconnian 
in age, and therefore to be correlated with the Inflaliceras inflatum 
horizon of Hazara. 

Inflaliceras inflatum is also reported from Sandoway district on 
the Arakan coast, from the Cretaceous rocks of that area.* There 
is also the rather doubtful occurrence of a species of Placenticeras 
from Ramri Island, 8 which would indicate a Cenomanian horizon. 

The Cretaceous of Southern India commences with the Ceno¬ 
manian and ranges to the Danian, with a rich fauna. On the other 
hand, in Baluchistan the middle Cretaceous is entirely absent. 4 

In the Salt Range E. Koken 8 showed that the Cenomanian 
was missing, and that the lower Cretaceous marls and white 
sandstone were overlain by the Danian Cardita beaummli beds. 

In Sind the lower Cretaceous and Danian are developed, but the 
Cenomanian is missing.* 

In Kachh the lower Cretaceous (Umia beds) is developed but the 
rest of the Cretaceous is missing. 

Reviewing these facts, it is remarkable that while the Ceno¬ 
manian is richly developed in the continental area of Southern India, 
it is missing from the geosynclinal areas of Kachh, Sind, Baluchistan, 
and the Punjab. This is an example which supports E. Haug’s 
dictum in his Traitfi d4 G6ologie (vol. I, p. 505). “ Toutes les fois 

qu’un terme d6termin6 de la s6rie s4dimentaire est transgressif sur 
les aires continentales, le mime terme est en regression dans les 
g<osynclineaux.” If it is true that the marine transgression of the 
Cenomanian was accompanied by oscillations in an inverse sense 
in the geosynclinal part of India, it appears that the Gault, being 
an age of transition, when these counterbalancing movements were 
commencing, is very poorly developed both in the “ continental ” 
and “ geosynclinal ” areas of India. 

1 E. Vredenburg: The Ammonites of the Bagh Beds: Bee., Qtol. Sun. Ind., XXXVI 
p. 100. B. Fourteen: Lee Echinide* dee “ Bagh Beds ”; id. XLIX, p. 34. 

• Mtm., Owl. Sure. Ind., X, p. 311. 

* Mem., Qtol. Snrv. Ini., XXI, p. 48 footnote. 

4 Bee., Owl. Sun. Ind., XXXVIII, p. 189. 

* CntnMaU, IV, 430. 

• See eeetion facing p. 88, Mm., OtoL Bum. Ind., XVII. 
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The Age of the so-called Danian Fauna from Tibet. 
By G. de P. Cotter, BA, Sc.D., M.InSt.M.M., 
M.INST.P.T., Superintendent , Geological Survey of 

India . 1 

I N reviewing the memoir of Prof. H. Douvill6 npon the Creta¬ 
ceous and Eocene of Tibet (Pal. Ind., New Ser., Vol. V, Mem. 
No. 3) M. Dolfus remarked ( Revue Critique de PaUozoclogie, XXIV, 
p. 66) “ II y a peu de formes admises comme provenant r6ellement 
de l’Eocine . .... 6videmment nous sommes 

ici dans le Lut6cien et, comme la sedimentation est concordante 
et continue avec les couches attributes au Danien, il y a lh une 
question embarrassante relativement k 1’ Eocdne inf6rieur, k moms 
que ces couches daniennes ne soient en r6alit£ 6oc6niques comme 
leurs Genres de Mollusques le donne & croire. II y a 14 un disac¬ 
cord entre les Mollusques et les grands Foraminifdres qui appelle 
de nouvelles etudes et une verification soigneuse.” 

M. Dolfus here suggests the possibility that the so-called Danian 
of Tibet may really be Eocene, as the molluscan fauna suggests. 
The same views were held independently by the late Mr. E. Vreden- 
burg, who has left some scattered notes upon the subject, in which 
he attempts to show that the molluscan fauna of the so-called 
Danian is really an upper Ranikot to Laki fauna, and that the 
Cardita beaumonti horizon and lower Ranikot stage are entirely 
missing. I shall briefly jecapitulate the main features of the 
geological section. 

The geology of south-east Tibet was described by Sir H. H. 
Hayden in the Memoirs of the Geological Survey of India, Volume 
XXXVI, part 2. Prof. Douville gives a list of the various horizons, 
compiled from sections given on pages 44 and 51 of Sir H. H. Hayden’s 
memoir. These are numbered 6 to 16, as follows:— 

16 Shales and sandstones (Deongbuk shales). 

15 Orbitolites limestone with Alveolina. 

14 Calcareous Shales with Spondyhis. 

* Written partly from note* left by the late E. Yredenbnrg, Superintendent, 
qesloy ia a l Surrey of India, 



Purr 4.] Cotter : So-called Danian Fauna from Tibet. 


411 


13 Operculina Limestone. 

12 Gastropod Limestone. 

11 Ferruginous vSandstone. 

10 Grey Limestone with Brachiopods. 

C Lithothamnion Limestone. 

9 < Red sandy Limestone. 

(.Grey Limestone. 

8. Brown Limestone with Omphalocyclus. 

7 Thin-bedded Limestone with Vola quadricostata. 

6 Massive Limestone. 

G Calcareous Shales. 

Mr. Vredenburg suggested in 1908 (Rec., Geol. Surv. Ind ., XXXVI, 
p. 189) that the Ferruginous Sandstone (No. 11 of the above table) 
represented the Cardita beaumonti horizon, and that, if the section 
at all resembled those of Sind and North West India, there was no 
difficulty in supposing that the lower Eocene, which is of extremely 
rare occurrence as a fossiliferous deposit in India, might be missing, 
and that the beds above No. 11 might belong to the widespread 
middle Eocene. 

Prof. Douvill6, however, in the work quoted in the first para¬ 
graph of this paper, ascribes beds Nos. 12 to 14 to the Danian, as 
well as bed No. 11, the age of which is not determinable owing to 
the absence of fossils, but which, it may be admitted, may possibly 
be actually Danian and the equivalent of the Cardita beaumonti 
horizon 1 . The age of beds 13 to 14 is, however, in dispute, and I 
shall try to show that they are in reality upper Ranikot to Laki in 
age. The following table shows the fauna of these beds as determined 
by Prof. Douvill6 :— 

Name of fo«dL Bed 12. Bed 13. Bed 14. 

Nautilus pseudo-bouchardi Spendler * * also in bed 9. 

Nautilus of. rota Stoliozka .... * 

Gisortia dtprssso Sowerby .... * 

Ovuta of. eUipsoides D’Arohiae and Hairae * 

TsrebsUum distortum D’A. and H. . * 

Qosavia satsensis (D’A« and H.) ... * 

Lyria sp. . * 

CAtnopvs tibeUcus tkravilW, n. sp. . * 


* It might equally well be of Ranikot age. 
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Name of fossil. 


Bed 12. Bed 13* Bed 14. 


Ckenopus ( Hippocrene) columbarium D’A. and H. 
Drepanochilus fusoides D’Archiac 
Campanile of. breve DouviU4 
Campanile brevius DouviU6 n. sp. 

Natica of. flemingi D’A. and H. 

Vdates tibeticus Douvill6 n. sp. 

Venericardia sp. . 

Corbie of. lameUosa Lamk 
Lima squamifera Goldfuss 
Obama cl dietans Deeh 
Spondylus rouaUi D’Archiac . 

Ddheidia haydeni Douvill6 n. sp. 

Lepidorbitoides tibetica Douvill6 n. sp. 
Lepidorbitoides polygonal is Douvill6 n. sp. 
Opercvlina canalifera D’Arohiac 
OpercuUna hardei D’A. and H. 

Siderolites miscella D’Arohiac 


* 

* 


* 

* 

* 

* 

* 


I propose to consider each of these species, with the help of Mr. 
Vredenburg’s notes. 

Nautilus pseudobouchardi. —Prof. DouvillS notes the similarity 
of the Tibetan form to N. labechei D’A. and H., from the Laid of 
Sind. He states that it differs in that the whorls are less high 
and more flattened above. Mr. Vredenburg remarks: “ It is by 
no means certain that this species differs from N . labechei; 
the Tibet specimen has reached a more advanced stage of growth 
than D’Archiac and Haime’s type, and it is a common thing for 
Nautili of this group to acquire taller whorls with increasing age.” 

Nautilus cf. rota. —Mr. Vredenburg remarks : “ This form does 
not resemble any fossil from the Danian of Sind. It is closely 
related to Nautilus forbesi D’A. and H., the commonest species of 
the Laki, but it has much more crowded septa.” 

Oisortia depressa .—Mr. Vredenburg in his posthumous memoir 
on the genus Gisortia (Pal. Ind ., New Ser., Vol. VII, part 3) expresses 
the opinion that these specimens from Tibet must be referred to 
Gisortia tuberculosa Duclos, which is an upper Banikot fossil m 
Sind. He notes also that the Tibetan fauna which I am now dis¬ 
cussing is middle Eocene and not Danian. At the time of writing 
this paper Mr. Vredenburg’s work on Gisortia is still in the Press. 

Ovula cf. elUpsoides .—This is only a cast, very much resembling 
certain casts from the Laki of Sind. In Mr. Vredehburg’s “ Supple- 
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ment to Oossmann and Pissarro’s memoir on the Mollusca of the Ranikot 
Series,” now in the Press, it is stated that D’Archiac’s species is 
founded upon a damaged and distorted specimen. 

Terebellum distortum —This is a very common fossil, according 
to Mr. Vredenburg, both in the Ranikot and in the Laki. 

Gosavia salsmsis. —D’Archiac and Haime’s species Voluta salsen - 
sis is referred by Mr. Vredenburg ( RecGeol. Surv. Ind ., LIV, p. 
267) to the genus Aulica rather than to Gosavia. It is from the 
middle Eocene of the Salt Range. 

Lyria sp. is too incomplete for determination, but according 
to Mr. Vredenburg “ resembles many tertiary forms both in India 
and Europe/’ 

Chenopus tibeticus is a common Laki fossil in Sind. There is a. 
premutation in the Ranikot described by Cossmann and Pissarro 
i.e.y Chenopus dimorphospira. In Mr. Vredenburg’s Supplement, 
above alluded to (not yet published) there is a comparison and diag¬ 
nosis of both the Laki and the Ranikot form. 

Chenopus columbarius. —The Indian species referred by D’Archiac 
and Haime to Rostellaria columbaria Lamk. is a characteristic Laki 
fossil. 

Drepanochilus fusoides. —Mr. Vredenburg remarks : “ The fossil 
referred by Prof. DouvillS to Drepanochilus fusoides differs from D’Ar- 
chiac's type from the Ranikot, but corresponds with an unde¬ 
scribed species, very abundant in the Laki.” 

Campanile cf. breve and C. brevius. —Mr. Vredenburg states: “ I 
have not noticed in the Laki any Ceritheums so broadly conical as 
Campanile cf. breve and C. brevius from Tibet, but similar forms 
occur in the Ranikot.” 

Natica flemingi .—Mr. Vredenburg states this to be a Laki fossil 
from the Salt Range. 

V elates tibeticus . —This form has been already discussed by Mr. 
Vredenburg in his Supplement to the Ranikot Mollusca (in the press). 
It corresponds, in his opinion, with V. ajfinis D’Archiac and Haime, 
and characterises both the Ranikot and the lower zones of the 
Laki. 

Vensricardia sp., Lima squamifera , and Charm cf. distans are all 
poorly preserved specimens and are, Mr. Vredenburg thinks, “ too 
incomplete to take into account.” 

8p<mdylus remiti .—This is a characteristic Laki form* 
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From the above it is clear that the mollusca indicate in the clearest 
manner possible the Eocene and probable upper Ranikot to Laki 
age of thecae Tibetan beds. The foraminifera, which M. Dolfus 
thought were in disagreement with the mollusca over the question 
of age, may now be examined. Yet I doubt if M. Dolfus would 
to-day express the same opinion as to the Cretaceous aspect of the 
foraminifera, since recent work has partly modified our views on 
the subject. 

Omitting the species referred to DeUieidia and the Hydrozoa , 
but which some have thought to be one of the foraminifera, there 
are two species of Lepidorbitoides, two of Operculina, and one of 
SiderolUes. 

Operculina cancdifera is a Sind form which, according to Mr. 
Vredenburg, characterises the highest zone of the Ranikot. It 
occurs also in Burma in the Yaw stage (upper Eocene). 1 

Operculina hardei is a Sind form associated with Nummulites 
garansensis according to D’Archiac and Haime. Mr. Vredenburg 
notes that under this name two forms appear to have been de¬ 
scribed, one an Oligocone Operculina found in company with N . 
garansensis , f and another form which possibly is specifically distinct, 
and which occurs in the Ranikot. 

Siderolite8 misceUa , originally described by D’Archiac and Haime 
as Nummulites misceUa is associated with Eocene fossils in Sind, 
and it has been explained in Mr. Vredenburg’s Supplement 
(in the Press), that, with the exception of Cardiia beaumonti 
itself, all D’Archiac and Haime’s types appear to be Eocene or 
later. Mr. Vredenburg (Rec., Geol. Surv. Ind ., XXXIV, p. 86), 
originally regarded the species as an Assilina and states that it 
characterises the two upper zones of the Ranikot series. Nuttall 
(Rec., Geol. Surv. Ind., LIX, p. 125), also places Siderolites miscella 
in the upper Ranikot. The two species of Lepidorbitoides are new 
and the genus has hitherto not been found in India. 

Omitting for the moment such evidence as the occurrence of 
Lepidorbiioides may give, it appears that we cannot only say tbat 
we are dealing with an Eocene horizon, but can to some extent 
correlate the Tibetan beds with those of Sind. 

1 Bee., GeoL Surv. Ind., XU, p. 238. 

1 gonmHneig, oiosely allied to 'N. ftchteti, is the megaepheric form of N. inkrmdies. 
See Mec., Surv. IntL, LIX) p. 125. 
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Prof. Douvill6 mentions two characteristic Laki fossils from the 
admittedly Eocene beds, (No. 15), immediately above the beds of 
disputed age. They are Vulsella legumen and Ostrwa fiemmgi. l 
With these two molluscs is found Alveolina oblonga , which is 
found in Sind in association with Nummulites planulatus in the 
upper Ranikot. 

It would appear therefore that the bed numbered 15 — OrW- 
tolites limestone with Alveolina —is not to be regarded as separable 
by any stratigraphical gap from the beds 12 to 14 immediately 
below. We appear to be dealing with a Laki horizon in the case 
of bed 15. Spondylus roualti y which characterises bed 14, is a 
typical Laki species according to Mr. Vredenburg. Velates affinis 
ranges from the upper Ranikot to the lower Laki (Meting Shales). 
Other species mentioned above are, as will be seen, more charac¬ 
teristic of the Ranikot, but there is a distinct Laki element in the 
fauna. Chenopus tibeticus has a premutation in the Ranikot, viz ., 
Ch. dimorphospira C. and P. It appears probable, on reviewing 
the whole evidence, that the nearest equivalents in Sind would 
be zone 4 of the Ranikot and the lower division of the Laki or the 
Meting Shales. 

It remains to discuss the question of the presence of Lepidor - 
bitoides . At the time that Prof. Douvill6 wrote the memoir on the 
Cretaceous and Eocene of Tibet, I believe the current views were that 
Orbitoides ( s . str.) and Lepidorbitoides (type 0. socialis) were strictly 
Cretaceous, that Orthophagmina was strictly an Eocene genus, 
and that Lepidocyclina was Oligocene and Miocene. 

In 1917 M. Douvill6 published an account of the Stampian 
fauna of Trinidad,* in which he notes the presence in association 
of Orthophagmina stellata and Lepidocyclina (Isolepidina) pustulosa . 

Cushman,* in a paper published in 1920, expresses the view 
that Lepidocyclina occurs with Orthophragmina in the Eocene in 
America, and that Orthophragmina is not found in Oligocene beds, 
which contain Lepidocyclina alone. 

The occurrence of Lepidocyclina in the upper Eocene seems 
now to be an established fact. 

1 For the age of 0. flemrngi sec Rec. f Qcol 8urv. Ind., XLVII. p. 197. Mr. Vreden- 
httrg, la his unpublished notes, says that VidmUa Ugumtn D’A. and H. it a Laid species 
Hid repiaoes a Ranikot VulttUa which he has referred to F. crtspala Fischer. 

1 tkmmU**Rmdu9 Acad, 8ci* y Vo]. 164, p, 841. 

* The American species of OrtMopkragmina mdLepidocydina ; V. 8 . CM. Survn Pro! 
Paper 18MX 
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It is probable that Lepidocyclina sprang from some such an¬ 
cestral type as Orbitoides (Lepidorbitoides) socialis from the Maes* 
trichtian, in which the equatorial chambers tend to become hexa¬ 
gonal. It is not difficult to suppose therefore that there may have 
existed in the middle Eocene some intermediate types linking 
Lepidocyclina with Lepidorbitoides. The two Tibetan species appear 
to fit into their proper places as middle Eocene species in the evolu¬ 
tionary tree. 

There has been of late years some discussion as to whether 
Orbitoides (s. str.) passes up to the Eocene. 1 Cheochia-Rispoli, who 
has for years resisted the view that Orbitoides (s. str.) is Cretaceous 
only, Orthophragmina Eocene only, and Lepidocyclina post-Eocene 
only, has recently .written a somewhat controversial note,* main¬ 
taining his original view that all three genera can co-exist in the 
Eocene. He quotes with triumph Prof, Douvill6’s admission that 
4 his original conclusion was “ un peu trop absolue et k laquelle il a 
6t4 ndoessaire d’apporter dee temperaments.’* 

A curious mixture of Orbitoides, Lepidorbitoides , and Orthophrag- 
mina is found in Cahetia, and is described by A. Riabinin; 5 in this 
paper it is suggested that there is a mechanical mixture of Creta¬ 
ceous with Eocene types. Apparently A. Silvestri has suggested 
a similar mixture to explain several such occurrences in Italy. In 
India, it is quite common to find derived nummulites in the Murree 
Beds and in the Siwaliks; these nummulites have been deposited 
in the Siwaliks and Murrees as fossils from the Eocene Nummulitic 
Shales which immediately underlie them. Fossil nummulites aro 
easily transported by water, just as pebbles are transported, and 
become incorporated in rocks of later age. 

There is no reason for regarding the Tibetan species of Lepi- 
dorbites as derived forms ; on the other hand, it is by no means 
certain that Lepidorbitoides is as a genus strictly confined to the 
Cretaceous. The evidence of the Laki age of the so-called Daman 
of Tibet appears to be overwhelming, and there appears to be no 
course open but to register the Tibetan Lepidorbitoides as probable 
Eocene survivors of the genus, keeping in view the alternative 


i There Is a paper by A. Silvestri on this subject, not available in Calcutta, entitled 
♦* Orbitoidi cretaeee neU r Eocene della Brianga ” ; Mm., Pont. Ace. N. Lined, 191 9 , pp. 
81-107. 

* BotL M B, Com*. Qtcl. d'ltdUa, VoL XVIII, N. 7. 

1 9utL Com. Oecl. St. Pekrdbwrg, XXX, p. 669. 
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possibility that the foraminifera may partly be derived from older 
rooks. 

One argument that might be adduced in favour of a Cretaceous 
age is the curious absence of nu mm ulites. Nummulites are absent 
from both the so-called Danian and the admittedly Eocene beds 
from the base of the Gastropod Limestone to the top of the Dzong- 
buk Shales. This curious feature is commented upon by Sir H. H. 
Hayden (op. cit., p. 56); nevertheless he regarded the whole series, 
from bed 11—Ferruginous Sandstone, to the top of bed 16—Dzongbuk 
Shales—as Eocene. The absence of nummulites is however a feature 
which m\y be paralleled in other areas, and Mr. Yredenburg in his 
unpublished notes states that he has seen similar Eocene beds without 
nummulites in Baluch.stan. 

The main evidence then of a Cretaceous age is the presence of 
Lepidorbitoides , but the two species referred to this genus are new 
and are not found in the Cretaceous in any other area ; more¬ 
over, in view of the undoubted presence of Lepidocyclina in the 
upper Eocene and the probability that it is descended from some 
such ancestral form as Orbiloides socialis , there seems no difficulty 
at all in accepting these forms as Eocene. Lepidorbitoides txbetiius 
has very small equatorial cells which tend to be hexagonal, in fact 
it seems to be an annectant type on the road to becoming a Lepido- 
cyclina , while Lepidorbitoides polygonalis has equatorial cells which 
recall the structure of Orthophragmina. In fact these two Tibetan 
species present Borne rather exceptional characteristics, which may 
well be due to the fact that they are rare Eocene forms. It remains 
to discuss the problematical Delheidia haydeni. M. Dolfus 1 argues 
that the species is not a Delheidia , and without placing the species 
definitely either in the Hydrozoa or the Foraminifera, proposes a 
new generic name, Robertella , after Prof. Douvill6’s lamented son 
who was killed in the war. A Silvestri * identifies the Tibetan 
species with Bradya tergestina, a Danian species from Istria and 
Dalmatia described by Stache. 1 Stache regarded this species as 
belonging to the foraminifera, but Silvestri refers it to the hydrozoa. 
He thinks that the species Keramosphcera murrayi Brady, 4 is to 

i Bttwe Oritiqus ds Polio roologis, 1917, p. 89. 

* Bivuta %ial. di Paltontologia, Vol XXXpp. 17-26. 

* Abhandl. d. k. k . gtcL Bsichsanst., VoL XIIi, PL VJ, fig*. 24 to 28. 

* Ann a Mag. Nat. Hist., ser. 5, VoL X. p. 242, and Hsport of OhatL &cp. 9 VoL IX, 

p. 224. # 

F 
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be referred to the same genus. If the genus is still living, its presence 
in the Tibetan so-called Danian cannot be regarded as evidence 
of a Danian age, notwithstanding that it is found in the Danian 
of Istria and Dalmatia. It is a problematical fossil, and its relation¬ 
ships are not yet certain. 

Reviewing the whole of the evidence, it appears that the mollusca 
give us overwhelming evidence in favour of an Upper Ramkot to 
Laid age, while the evidence of the foraminifera need not necessarily 
be regarded as in disagreement. 
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Bauxite on Korlapat Hill, Kalahandi State, Bihar 
and Orissa, by Nl. S. Krishnan, M.A., PH.D.(Lond.), 
A.R.C.S., Assistant Superintendent, Geological 

Survey of India. 


T he occurrence of laterite in Kalahandi State has been known for 
a comparatively long time. As early as 1877, V. Ball 1 observed 

Introduction laterite on the Baplaimalai hill in the 

south-eastern part of the State. Later, 
T. L. Walker, in his memoir on the geology of the Kalahandi 
State 1 , mentions that laterite is of common occurrence on the hills 
made up of garnet-sillimanite gneisses. Quite recently, C. S. Fox 
has summarised the available information on the Kalahandi late- 
rites in his valuable memoir on “ The Bauxite and Aluminous 
Laterite occurrences of India 8 /’ 

Among Walker’s specimens, is a pisolitic “ mottled laterite 99 
(reg. no. 15/215) reported to have been collected from the Korlapat 
hill, but whose exact locality is not known. An analysis of this 
specimen by H. Warth has been quoted by Sir T. H. Holland 4 in 
his paper on bauxite in India, since this specimen is a bauxite con¬ 
taining as much as 67 per cent, of alumina. 

In April 1926, the writer was deputed to examine the Korlapat 
hill with regard to the occurrence of bauxite, and the results of the 
investigation form the subject of this note. 

The village of Korlapat (lat. 19° 41' ; long. 83° 9' 30") i* about 

„ . twenty miles south of Bhawanipatna, 

Communications. ^ of ^ Kalahandi Stete . 

At the present time, the best route to Bhawanipatna is by a 
motor road 140 miles long, from Sambalpar, througn Sonpur and 
Patna States. It can also be reached from Parvatipuram on the 
Vizagapatam side, by a route which follows the Nagavalli River 
valley for the greater part of its length. The liaipur-Vizaga ja tarn 


i Rtc., OtoL Sure. Ind., Vol. X (1877), pp. 160-71. 

1 Mem., CM. Sum. Ind,, Vol. XXXIII, Pt. 3 (1908). 

• Mem., OtoL Sum. Ind., Vd. XUX.Pt 1 (1923), pp. 183-84. 

* See., CM. Sum. Ind., V6L XXXII, Pt. 2 (1905), p. 179, Aualymia L. 

v l 2 
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Railway, now under construction, will pass through Bhawanipatna 
when completed, and will then make the region easily accessible. 

The Korlapat hill extends from the village of the same name 

1 / j. Kin for about 8 miles in a southward 

noriftpflt aui. . 

direction, and forms part of the 
Eastern Ghat system. It is flat-topped and attains an average 
height of 3,800 feet. The highest point on the hill is “ Korlapat 
S.” (3,981 ft.) situated near the southern end. At its base the hill 
measures about a mile across. Its flanks are steep and clothed in 
thick vegetation; the top, which consists of a capping of laterite, 
is sparsely wooded, owing to the thinness of the soil-cover (about 
a foot on an average) and the general absence of joints and cracks 
where trees could take root. Numerous tiny springs issue forth 
from beneath the laterite cap, but on the cap itself there is scarcely 
any sgn of water. These springs collect together at the base to 
form perennial streams. 

The valleys at the foot of the hill are underlain by chamockites, 
Qeo l - which range from acid to basic in 

composition (reg. nos. 36/46, 35/28, 

35/29), while garnetiferous varieties are not uncommon. The 

hill itself is composed of quartz-garnet-sillimanite-graphite schist, 
to‘which Walker has given the name “khondalite” 1 (reg. no. 
35/30). All these rocks have a strike which varies from N.-S. 
to N.N.E.-S.S.W., the latter direction being the more common. 
The hill-slopes are made up of kaolinised khondalite, excepting 
a thickness of 60-150 feet at the top, which is all laterite. The 
kaolinised khondalite (reg. nos. 35/31, 35/32, 36/35, 35/37, 35/4]) is 
a soft friable rock mottled with patches of red and brown, which 
represent weathered garnet. The laterite is red and ferruginous 
(reg. n^s. 35/38, 35/39) for a depth of some ten feet at the very 
top, while below it comes a more aluminous and lighter coloured 
variety. Often, instead of the aluminous laterite, we observe a 
continuation of the same material as at the top, or a siliceous modifica¬ 
tion of it (reg. no, 35/40) extending downwards. 

East of the village of Polangpodor (lat. 19° 37'; long. 83° 9' 30*) 

Bauxite the ^ erru 8^ nous laterite at the top of 

the western flank changes to a yellow 
material (reg. no. 35/392) at about ten feet lower down. It has 


* Mem., GkoL Sure. ItuL, VoL XXXUJ, Pt. S (1002), pp. 8-1L 
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a vertical thickness of 15 feet—i.e., 10 to 25 feet below the top— 
and a horizontal extent of about 450-500 feet. How far it extends 
into the body of the hill is not known, and at the corresponding posi¬ 
tion on the eastern flank there is no indication of similar material. 



Below axe given analyses of three specimens (A, B and C) taken 
from different parts of the hill, one of these being a sample** of the 
yellow-coloured, rock mentioned above; it will be seen that this is 
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bauxite of good quality. The analysis of the specimen collected by 
Walker is also added for comparison (Analysis D). 



A. 

B. 

0. 

D. 

Al, 0, . 

. 




39*69 

25*84 

61*92 

67*88 

Fe a O, 





2-24 

8*86 

4*44 

4*09 

SI O a 

• • 




45*14 

63-93 

2*30 

0*93 

Ti O t 

• • 




trace 

2*59 

2*77 

1-04 

Oa 0 

• • 




1*07 

0*16 

0*09 

0-36 

I 

Mg 0 





0*15 

traoe 

traoe 


H, 0 (*t 10#° 0) 




0*76 

0*68 

1*14 

(, 9A^7 

H, O (above 106° 0) . 


• 


11*65 

8*45 

27*51 

t 2ut / 



Tot ax 

* 

100*70 

100*51 

100*17 

100-77 


A. From the southern end of the Korlapat hill (reg. no. 35/42). Analyst M. S. 
Kriahnan. 

B. From the northern end of the Korlapat hill (reg. no. 35/35). Analyst M* S, 
Krishnan. 

0. From the Korlapat hill, east of Polangpodor (reg. no. 35/392). Analyst 
M. 8. Krishnan. 

D. From the Korlapat hill (reg. no. 15/215). Analyst H. Warth ( Rec . Qtol. 
Surv.,lnd., Vol. XXXH, pt. 2 (1905), p. 179, Analysis L). 

The streams flowing over the flanks and at the foot of the Korla¬ 
pat hill give no indication of bauxite, transported or in situ 9 and 
there are no stream-courses on the top of the hill to reveal any vertical 
sections of the laterite. It appears therefore unlikely, except for 
the band east of Polangpodor, that there is any rich deposit of bauxite 
on this hill, so far as can be gathered from surface observations, 
and in the case of this band, its extent, richness, and variation of 
quality from place to place, can be decided only by carrying out 
regular prospecting operations. 
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FIG 2. GENERAL VIEW OF PANI MINE FROM THE NORTH-WEST. 
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i 1 GRANITE DOLERITE HYBRID ROCK 
showing aggregates of secoi diry felspar 
needles in S W quadiant and secondary 
felspar fnnge6 round original crystals in 
centre a d N E quadrart X 66 


FIG 2 GRANITE DOLERITE HYBRID ROCK, 

mcols crossed Showing secondary felspar 
friiges in optical continuity with original 
felspars X 66 
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FIG 3 SKETCH SECTION OF MANGANESE REEF AT EAST END OF PANI MINE 
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